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TECHNICAL MEMORANDUM 


INTERNATIONAL SPACE STATION ECLSS TECHNICAL TASK AGREEMENT 

SUMMARY REPORT 

1. INTRODUCTION 


This document provides a summary of current work accomplished under Technical Task Agree- 
ment (TTA) by the National Aeronautics and Space Administration (NASA) Marshall Space Fbg t 
Center (MSFC) regarding the International Space Station (ISS) Environmental Control and Life Support 
Svstem (ECLSS). Current activities include ECLSS component design and development, computer 
model development, subsystem/integrated system testing, life testing, and general test support provided 

to the ISS program. 


MSFC was assigned responsibility for Space Station ECLSS design and development in 1984. 
Activities completed during Space Station phases B and C/D included ECLSS de«gn, ^ysis, and 
in-house testing. Under ECLSS design, MSFC was responsible for the six major ECLSS functions, 
specifications and standards, component design and development, and was the architectural control 
agent for the Space Station ECLSS. MSFC was responsible for ECLSS analytical model development 
and conducted subsystem and system level analyses. In-house subsystem and system level testing was 
conducted in support of the design process. This included testing of air revitalization (AR), water (H z O) 
reclamation and management hardware, and certain nonregenerative systems. 


All the activities described in this report were approved in task agreements between the MSFC 
and NASA Headquarters Space Station Program Management Office located at Johnson Space Center 
(JSC) and their prime contractor for the ISS, Boeing. These MSFC activities are in-lme to the designing, 
development, testing, and flight of ECLSS equipment planned by the Boeing Company, Huntsville, 
Alabama, supporting Ion Corporation (ION), Huntsville Division, Boeing, Houston, Texas. MSFC s 
unique capabilities for performing integrated systems testing and analyses and its ability to perform 
some tasks cheaper and faster to support ISS program needs are the basis for the TTA activities. 

Tasks were completed in the H 2 0 recovery and AR systems areas, and were divided into analyti- 
cal model development, component design and development, subsystem and integrated systems testing, 
life testing, and general test support. The results of each of these tasks are described m tins Technic 
Memorandum (TM). More detailed reports are referenced and are available on request from ION or 
MSFC’s Environmental Control and Life Support System (ECLSS) Group (FD21). A summary of earlier 
work accomplished under TTA’ s has been documented in reference 1 . 


2. TASK AGREEMENTS 


Station Program Office in fiscal year 1994 (FY 1994) and they cover projected activities tfmn»ig h 
FY 2000. In addition, some FY 1993 ECLSS-funded tasks were also approved by the Program Office 
in 1993. Results of the FY 1996, FY 1997, and FY 1998 activities are summarized in this ECLSS report. 

Although MSFC has many tasks with the Program Office, only the ECLSS activities are summarized 
in this TM. 


are 



program numbers (UPN’s), 478-31-34 and 478-31-41. _ 

description, cost by fiscal year, and civil service manpower to accomplish the work. 


unique 
a task summary 
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3. ORGANIZATION 


Organizations which support TTA activities and the interfaces are shown in figure 1. T^CLS 
Branch (ED62) of the Structures and Dynamics Laboratory within the Science and Engineering ( ) 

di^aTeofMSrcmanaged the overall ECLSS TTA work. Within the ECLS Branch, engineers were 
assigned responsibilities to develop test requirements, perform analyses of test results^suppo ac 

tesUne and age special tasks performed under the ECLSS test services contract. The JJevelopmait 

and Environmental Test Branch of the Systems Analysis and Integration Laboratory in S&E provided 
test facilities and performed the ECLSS testing at MSEC. Test subjects fromvur^ 
exercised in the end-use equipment facility (EEF) to generate metabohc 

mation testing. The test services contractor, ION, provided test support, analyncal modeling of Ae 
integrated t«t configurations, test support and studies from the ECLSS .subcontractors, mid analyncal, 
model development Various analytical laboratories support MSFC testing in the chemical an inoot 
analysis of air and H,0 samples. OveraU results of the chemical/microbial laboratory amilyses and the 
^ ^ mainlined in a database developed by MSFC and utilised by all Space Station £rt,c- 
pants. Products provided to the ISS program include computer models, reports, and test reports/finding . 



Figure 1. ECLSS TTA organizational interface. 























4. COMPONENT DESIGN AND DEVELOPMENT 


in C ^TT . <lralg ° “ d ^ e J°P ,n “ t “ tivilie5 ioclude xMressing design issues related to compo- 
EJ ■ *? ^ devdopment of a ponrtle fiu, ^ Wy 

V T'* .. ! te . Con( ^ si ' lg ^ exclMa 8 ers (CHX*8), and refurbishment of a Sabatier 

carbon dioxide (CO*) reduction system, Development work was done on the WP mostly liquid separator 
(MLS), process pump, gas/liquid separator (G/LS), and prefilter. No further develooment work wHi iv» 
done on the WP components under supporting development Any subsequent work^ll be l 

eq “ iPmeW Uri “ 


rl^T/ntw !H PUt wastewater presents a unique challenge to the use of conventional pitot 
G/LS s, m that they are prone to foaming dining operation, yielding unacceptable performance 

^ ^ The WOW schematic is shown k figure ^^Sd^ ( re^S%gas- 

S f Space Station wastewater. It also provides the system flow and pressing .’ The 

^removing the free gas from wastewater and must be capable of handling up to a 

. . ^ cr0 * s °f the first-generation design concept can be seen in figure 3. Prototype MLS 
units built and tested in the previous development program contained all of the features of Aedepicted 
fbtfrt unit except for a flight-style motor, which was replaced with a variable-speed, external dirJct-drive 

A series^of 0 ^^^^^^ TT ? ^ 

the inside diameter ^a cylindrical housing. Each disk has a series of slottSholes extenAnfth^u^Ae 

CmintoitS 0D 80 ^t the space between some of the disks 

the center of the stack is vented to the center of the shaft The end of the shaft is open to a level control 

valve arrangement that connects to the sas vent In nmrattm * mj, h « *7 . , ^ 

tQn „_. c *** 10 operatron, a mixture of H 2 G and air enters the unit 

, 8 . ?** ncar . thc motor end of * c housing. This mixture is forced to spin around the 

housing with the HjO moving to the outside and the air bubbles moving toward theoenterline. The 

Papally separated mixture then enters the disk portion of the houringwhere centrifired^tion ofthe 

spinning distar forces the H 2 0 to the housing wall, forming an H 2 0 ring that is maintained in motion 

Sl^taAe'S^to^S ^^^ Pinning<iisks - The “*■ aom . 10 d»e centerline and flows through 

is vented from the separator. The H 2 0 moiresalong d»outerw^l rfAe hmingl^x^^SSir 

A^^TvZ 7 ° fS ° me PrCSSUre hCad * ThC ^ ICVd “ ** **2° maintained by the action of 
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An override mechanism is provided to enable the MLS to function in conditions where a suitable 
air/H 2 0 boundary has not been established; i.e., during startup, in a level control malfunction, or when 
input with either 100-percent air or H 2 0 for extended periods of time . The mechanism consists of a 
solenoid valve that overrides the vent function, A sensor piston, parallel to tiie control piston and sensing 
the same pressure differential, is magnetically coupled to two magnetic switches that signal when appro- 
priate override actions need to occur. One switch closes the solenoid, and hence the air vent pathway, 
when H 2 0 is about to flood into the gas vent. The second override switch turns off the process pump and 
opens a recycle valve to recirculate H 2 0 back into the MLS in cases where insufficient H 2 0 exists 
within the MLS. This mode is also used during system startup. 


A test program was designed to establish an operating speed for die motor ( 1 ,900 rpm), assess 
the operational performance of the MLS, and conduct an extended performance test to help assess if and 
how microbial growth would affect performance. The majority of testing was conducted using plastic 
MLS, allowing visual observation of its internal operation. Performance was measured using three H 2 0 
conditions: deionized (DI) H 2 0, fresh soap and DI H 2 0, and collected shower H 2 0. 


Several observations were made during the course of testing, many of which affected subsequent 
MLS design. The major ones can be summarized as follows: 

• Leakage of H 2 0 into the gas vent passageway caused I^O carryover. Leakage was occurring 
past the journal bearing into the end of the hollow shaft (through which the gas vents), showing up as 
H 2 0 carryover. 

• Several changes were made relative to sizing. Disk air holes were enlarged, and different front 
disks (closest to the inlet) woe used to remove restrictions to air and H 2 0 flow, respectively. 

• Agitation of the air/H 2 0 mixture needed to be reduced. Paddles that were part of the last disk 
(furthest from the inlet) needed to be removed. They were intended to help compensate for the addi ti on al 
drag die end of the internal chamber imparts to the rotating H 2 0; instead, these paddles were found to be 
pumping air into the H 2 0, elevating air carryover percentages. In addition, the inlet chamber, designed 
to preswirl the inlet stream, was found to cause elevated air carryover percentages at certain flow ranges. 

• Instability was frequently noted (taring testing when using H 2 0 containing soap. This unstable 
operation was characterized by gas venting occurring in discrete intervals and by rotational speed varia- 
tion under load. It was concluded that by using a constant-speed motor under steady-state conditions, 
gas venting would occur in a continuous manner, and not oscillate, as was being witnessed. 



• The MLS performance met the ISS design requirement. 

• Higher input flow rates required a higher rpm to prevent H 2 0 carryover into the gas vent line. 

• The percentage of air carried over into the H 2 0 outlet line increased with increasing rpm 
and inlet flow. 

• Backpressure instability will adversely affect air carryover performance. 


The previous development program refined the design of the MLS but also indicated that addi- 
tional development was required. The next program began in November 1995 to create and substantiate 
an improved MLS design and to further reduce technical risk. 
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A cross section of this second-generation design is shown in figure 4. Its design addresses 
the observations made during the previous development program. 

< 

This MLS operated in the same manner as in the previous design. Major design improvements 
included the placement of the control valves deep within the expanded-diameter shaft, which located 
the valve seat in the driest possible location. 

Sizing issues were also addressed. Additional disk air holes were provided to reduce any restric- 
tions in air flow. A new inlet chamber was provided to reduce agitation, and the overall length of the 
chamber was increased to provide additional residence time. The diameter of the outlet H 2 0 pipe was 
, increased to minimize H 2 0 flow restrictions. 

Instability issues were addressed in two significant ways. First, a test rig was designed that 
placed the inlet fluid reservoir, outlet fluid reservoir, and MLS each at different relative heights from 
! each other, thereby utilizing gravity to set and provide constant inlet and outlet pressures. Second, 
a constant-speed motor was incorporated. 

The override control was redesigned to utilize the same sensor piston as the preceding design 
but now used mechanical linkages to transmit piston position to the outside of the MLS. There, two 
mechanical microswitches were provided to signal when appropriate overrides were necessary. 

The objective of this final program accomplished under MSFC TTA’s was to utilize the knowl- 
edge gained from the prior MLS development programs to develop the next-generation MLS, improve 
upon its performance, and further investigate its capabilities. The development program was divided 
into a design/fabrication phase and a test phase. 

Both test plan and test rig were devised to further develop file MLS technology, characterize its 
performance, and define its operating requirements. All testing was performed in the Hamilton Standard 
(HS) Advanced Engineering Laboratory. 



Figure 4. Second-generation MLS design cross section. 





There were four testing phases: 


1. Benchmarking the benefits provided by the new constant-speed motor and constant 
backpressure features of the test rig using the MLS unit from the previous development program. 

2. Check out the new MLS unit. 

3. Performance testing of the newly designed MLS. This testing progressed throu gh three 
subphases of testing, each subphase assessing performance in different types of H 2 0 (DI, a mixture 
of soap and H 2 0, and collected shower H 2 0). 

4. An extended performance test using collected shower H 2 0 to assess any sensitivity to biofilm 
formation. 

In the earlier MLS development program, one of the fii^j^^ry^ons was that the MLS 

depth of the Hjp ring within the MLS would increase in response to the venting gas. As the H 2 0 depth 
increased, so did the load applied to the motor, thereby reducing speed, and thus affec ting the H 2 0 ring 

seen at times in the operation of the MLS unit, and that this affected the carryover perfor- ^ 

mance. Consequently, it was concluded that die motor speed fluctuations and backpressure instability 
adversely affect air carryover performance. 

The air carryover performance of tttt^revmus MLS was mapped using a distilled f^O and air 
mixture. The MLS was tested in a horizontal orientation. Figure 5 shows the effects of constant back- 
pressure on performance, and figure 6 shows the effect of using a constant-speed motor. As can be seen, 
air carryover performance of the previous MLS unit was significantly improved when tested using a 
constant-speed motor and when tested in an environment providing constant backpressure. 

The new MLS unit was manufactured out of clear polycarbonate plastic to facil itate- observation 
during testing. After assembly, the unit was installed on the test rig and checked out for proper operation. 
Initial performance testing was then conducted using distilled H 2 0 and air, with the MLS oriented 
horizontally. 

The first tests conducted were meant to establish an operating speed for the motor. From past 
experience, it was known that there exist^g^ittmum rpm to the MLS to operate at to a given inlet 
flow rate and air inlet percentage; going below this number would result in H 2 0 being carried over into 
the air outlet line. Before these tests were completed, however, some problems woe experienced. 
Although relatively minor, they bear mentioning because of their effects later in the development 
program. 

a mechanical limit to the length of control piston travel. The unrestricted travel caused toe control valve 
stem to enlarge toe hole in the flexible seat through which it passes, adding H 2 0 from w ithin the 
control housing to pass into toe gas vent line. Modification were made to prevent this from happening 
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Figure 5. Constant backpressure performance improvement. 
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Figure 6. Constant-speed motor performance improvement. 



again. The seal was reused as it seemed to still be performing its intended function. A second operational 
difficulty was found in the alignment of die control and override valves to their respective valve seats. 
The valve seat consisted of a flat disc of Viton® elastomer in which two properly located holes were 
placed. Incorrect alignment of components in this area was preventing the control valve from performing 
its proper function. Careful reassembly seemed to solve this problem. 

Having benchmarked the performance of the MLS in clean H 2 0, testing began using a mixture 
of DI H 2 0 and Igepon® soap. From past experience, it was known that this fluid provided the biggest 
challenge to the MLS due to the potential formation of foam within the unit. 


Initial testing revealed poor performance that was due to leakage of air past the control valve 
seat. Since this problem had already been seen earlier in the program, the control and override valve 
seats were redesigned and new hardware was retrofit onto the MLS. Although performance was then 
improved, there was a tendency for the MLS to generate foam within it, adversely affecting perfor- 
mance. Because the success of the MLS to date was largely due to its ability to not produce excessive 
foam, this new observation was significant. Continued observation and testing of this condition revealed 
that recirculation of the air/H 2 0 mixture was occurring between each disk, and that the air flow holes in 
the first disk (nearest the inlet) were generating foam. 

The revised design of the MLS was concluded to be the cause of these conditions. In contrast to 
the previous MLS design, the new design extended the length of the interior chamber but did not change 
the number of disks used, thus increasing the space between disks. When tested using a soap and H 2 0 
mixture, it was noted that air and H 2 0 adjacent to a disk would not only travel radially outward as 
expected but would travel radially inward at the midpoint between disks, as shown in figure 7. This local 
recirculation flow carried foam and air bubbles fimntfi? air/H 2 0 interface deep into the H 2 0 ring and 
elevated air carryover percentages. Rather than change die disk spacing back to what it had been in the 
previous program, it was decided to instead correct die condition using the existing disk spacing, as it 
was believed that the recirculation flow was occurring in the previous MLS design. 



Figure 7. Recirculation within the MLS. 
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Additio nall y, some of the observed H 2 O carryover (actually foam carryover) resulted from the air 
holes in the first disk shearing through H 2 0, producing an unwanted source of agitation. Because of its 
location in the front of the MLS, the rotation of the H 2 0 ring is not fully established at the first disk. 

A final design change corrected these problems by first adding edge rings to the ends of the 
HislcSj which virtually eliminated any recirculation. The small spacing between each disk is sufficient 
to allow air bubbles to rise to the center of the chamber and separated liquid to flow to the H 2 0 ring. 
Second, the air holes on the first and last disks were covered (all covered on the first disk, half on the last 
disk), allowing the air/H 2 0 mixture taflow without agitation to the edge of the disk, where sufficient 
centrifugal force exists to achieve phase separation. These changes represent, in effect, the third- 
generation MLS design, and can be seen in figure 8. 



Figure 8. Third-generation MLS design cross section. 

Initial testing with the third-generation MLS indicated that H 2 0 was entering the gas vent valve 
(H 2 0 carryover), suggesting that the control stem seal was again leaking as it had been earlier in the 
program. A new replacement seal corrected this problem. It was recognized that a flight design for the 
MLS would have to address the robustness of this seal. 

With the newly incorporated design changes in place, a new motor operating speed of 1,600 rpm 
was established (lower than the 1,725 rpm that had originally been set for this MLS). The chosen speed, 
however, was based more on establishing the proper H 2 0 ring depth on the disks than it was on selecting 
the lowest speed possible. 

Air carryover performance was measured for the third-generation MLS using a 1 ,600-rpm 
operating speed. The MLS was oriented horizontally, vertically with the inlet up, and vertically with the 
motor down. These different orientations were intended to verify that performance is insensitive to 
gravity. The inlet-down position, however, placed the motor beneath a leaking shaft seal (a feature that 
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would not be present in a flight design, as it would use a canned motor) and a leaking H 2 0 inlet connec- 
tion. Despite efforts to prevent it, some of the leaking H 2 0 entered the motor, eventually causing it to 
fail. 


After motor replacement, only the inlet-up orientation was subsequently used. The previous MLS 
program only used the inlet-down orientation during soap and H 2 0 testing; therefore, comparisons of 
performance in the vertical orientation should be judged accordingly. 

Based on previous program results, there was evidence that aging of the soap and H 2 0 solution 
would in fact help performance. This was attributable to the soap having sufficient time to react with the 
dirty system H 2 0. Once reacted, the soap would no longer be as prone to foaming. The same phenom- 
enon was evident in this program as well, and so test procedures were modified early on to replenish 
a portion of the test rig soap and H 2 0 mixture during each day. 

The final phase of performance testing was conducted using collected shower H 2 0, using a soap 
mixture and soap/H 2 0 concentration as described in the previous section. Air carryover performance 
was again measured using a 1 ,600-rpm operating speed, and the MLS was tested while oriented horizon- 
tally and vertically (inlet up) at both extremes of expected backpressure. As was done during the soap 
and H 2 0 test phase, a portion of the test rig H 2 0 was typically replenished each day of testing. 

The next phase of testing was the extended performance test The objective was to assess how 
the MLS performed when operated over an extended period using shower H 2 0. This test would begin 
to assess the robustness of the MLS design, and assess how the expected formation of biofilm within 
the MLS would affect its performance. 

The MLS was operated while oriented horizontally and with maximum backpressure. The test 
was run with an inlet flow rate of 100 pphr, as this is expected to be the flow rate that the MLS will 
primarily experience in its intended application. The test ran for 135 days anti acc umul a ted 1,012 hr 
of operating time (»10.5 hr/workday duty time). To ensure that biofilm would have a chance to develop, 
*50 percent of the rig H z O was replenished weekly at the suggestion of the HS microbiologist. Assays 
were taken weekly of both the test rig H 2 0 and replenishment H 2 0 to guarantee and document that the 
test was conducted with biologically active H 2 0. 

The performance of the MLS was remapped after the extended performance test to determine 
if its performance had deteriorated over time. The tests were conducted using shower H 2 0 and followed 
the same procedure as originally used to map performance. 

The H 2 0 carryover performance was assessed, and a near-constant H z O carryover threshold 
motor speed of 1,050 rpm was established. The constant rpm indicated that H z O carryover was unaf- 
fected by the extended duration performance test. 

After conducting the extended performance test, it was not possible to achieve the maximum 
inlet flow rate (960 pphr) at maximum backpressure. Maximum achievable flow rate at maximum 
backpressure was *800 pphr when the MLS was orientedhorizootally, and *740 pphr when oriented 
vertically (inlet up). This inability to achieve 960-pphr flow was attributed to a change in the test rig, 
specifically to increased pressure losses in the inlet and exit pl umbin g connected to the MLS. 
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The following are system design and development recommendmions: 

should MlStoevSnam perfbrnumoe- 

. The MLS should be retrofitted with recommended design improvements, mated, and evaluated. 

water tank. 

... . aura WWORU design to see if incoming H 2 0 can be placed 

• Consideration should be given w^g j|u S m ay enable the MLS to be 

directly in the wastewater tank before being processed by 
sized to accept a constant inlet rate. 

4.2 Process Pumps 3 
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The process pump is an integral compare ^ pump must be capable 
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Operating fluid 
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Temperature, operating 

Leakage 
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lil-l-Ua 

wwgnt 

Material selection 


16.5*1.5 Ibm/hr 
40-96 psid 
53 W 

10.2-19.7 psia 
164.7 psia 

87,600-hr installed life (1 0 yr) 
40-percent duty cycle 
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Matrix diagrams were generated assigning relative weights to Hgfws decision factors for each 
of the four technologies. The 1 1 pump suppliers for each of the 4 pump technologies were ranked by HS 
design, materials and project engineering personnel. The suppliers with the highest ratings foUwmg this 
assessment were selected for phase 1 prototype design, and are Micropump, Inc. (gear pump), ps 
Engineering (piston pump), Prominent (diaphragm pump), and Lucas Aerospace (rotary vane pump). 


The four pumps procured for phase 2 (procurement and testing) were obtained from Phillips 
Engineering (piston), ProMinent (diaphragm), Micropump (gear), and Lucas Aerospace (vane) Proto- 
types of each of the four selected technologies were fabricated and performance tested. All of the materi- 
als selected for the piston, gear, and vane pumps were approved prior to pump fabrication and operation. 
The diaphragm pump was an off-the-shelf design made of 316 Stainless Steel (SS), ceramics, Teflon , 
and a composite Teflon®-faced fabric diaphragm. 


The wastewater used for the life testing consisted of shower, handwash, distilled unne, and 
mouth wash H 2 0. The actual makeup of the wastewater is defined in table 3. Igepon soap 6503-45-4 
and Crest toothpaste will be used for the testing. The Igepon® soap formulation is identified in table 4. 

Table 3. Wastewater composition. 


Wastewater 

Space Station 
(Ib/day) 

Spaca Station 
(% Total) 

TastWatar 
(% Total) 

Shower water 
(Igepon® 6503-45-4) 

Oral hygiene 

(Crest regular flavor toothpaste) 
Urine distillate 
( 0 xone®/H 2 S 04 ) 

Urine flush 
Handwash 
Fuel cell 
Wet shave 

Humidity condensate 
Samples/checks 
Wash cloth bath 
Total 

24.00 

3.20 

13.24® 

4.40 

24.00 

11.74 

3.52 

24.00 

2.72 

8.00 

118.82 

20.20 

2.70 

11.10 

3.70 
20.20 

9.90 

3.00 

20.20 

2.30 

6.70 
100.00 

50.10 

2.70 

14.80 

b 

c 

32.40 d 

C 

e 

e 

c 

100.00 


apretreat wftfi 5 q of Oxone® and 2.3 q of H2SO4 into 6.25 cc of H^O par liter 


bMix 33.3-percent urine flush {01 water) into urine prior to distillation 
cThis water is inducted in the shower water 
dpi water will be used to simulate this water 
«Thi$ water is Included in the fuel cell water. 


Table 4. Igepon® soap test formulation. 



Formulation 


65tt-4fr4 

Shower/Hantfwaih Ingredients 

(% by Weight) 

Sodium-n-coconut acid-n-methyl taurate (SCMT) (24% active) 

98.75 

Lecipur 95— F (soybean Lecithin) 

0.50 

Luviquat FC-500 (polyquaternium 16) 

075 


17 




Oxone® (a registered trademark of die DuPont Company) and sulfuric ac&CffeJKld) were used 

to pretreat the distilled urine. The Oxone® and H^SO^ pretreat concentrations are 5 of urine, 

respectively. DI H 2 0 was used to simulate the urinal flush H 2 0. The percentage of pretrestedurine 
to Audi H 2 0 is 75 and 25 percent, respectively. Each wastewater batch was monitored and the data 
recorded for total organic carbon (TOC), thermocouple (TC), conductivity, and pH. 

The operating conditions for the test were: 

• 70 psid (across the pump) 

• Flow rate: 15-16 pphr 

• Operating cycle: 5.5 hr on, 0.5 hr off 

• Operating time: 24 hr/day, 7 days/week. 

Note: On April 25, 1997, the urine d ist i ll ate in the wastewater was replaced with an ersatz 
for availability reasons. Table 5 shows the ersatz composition. 

Ihble 5. Urine ersatz composition. 


Acetic acid 
Acetone 
Ethanol 
Formic acid 
Methanol 



Propionic add 
Urea 
Chloride 
Sodium 



After 14 days minimum of life test operation, die test rig was flushed with clean H 2 0 
and the single-point performance check was conducted on each pump. This check consisted of operating 

the pumps at the conditions listed in table 6, which was used to track any performance changes through 
the life test. 

Table 6. Conditions for process pump performance check. 

I _ . OudatPranare 

I Spsad (pi,) 


ProMinent (diaphragm) 60% strata *100 sec/min 
Luos (vane) 4,800 rpm 

Micropump (gear) 4,200 rpm 

PhHHps (piston) 3,300 rpm 


After accumulating 4,842 operating hours, and following the final performance map the gear 
pump was disassembled and the cartridge components were inspected. The inspection revealed a frac- 
tured “driven” shaft at the notch, used for locking the shaft to prevent rotation. Also, the top wear plate 
(surface contacting the driven gear) showed some wear. This is die surface closest where the “driven” 
shaft failed. Note: This same surface in question initially had a small amount erf wear prior to ISS waste- 

water testing. The remaining components (bottom wear plate, “drive” shaft, cavity plate) visually looked 
good. 
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After accumulating 4,370 operating hours, the piston pump was disassembled and the cartridge 
components were visually inspected, revealing a broken braze joint between the tube and the valve 
cover. Also, the upper journal bearing was allowed to rotate due to a failed set screw that keeps the 
bearing from rotating. The set screws are made from stainless steel (SS) with a nylon tip on the end. 

The nylon tip prevents the journal bearing from rotating. 

The diaphragm pump life test was stopped on April 23, 1997, after 3,214 hr into the life test, 
as a result of wastewater leaking out of a weep hole at the bottom of the plastic housing (pump head 
end). A partial pump teardown and inspection was conducted which revealed significant damage to the 
plastic pressure housing and a tear in the diaphragm. The diaphragm pump was eliminated from consid- 
eration at the conclusion of this phase of life testing. 

After accumulating 2,783 operating hours, the vane pump was disassembled and the cartridge 
components were inspected. The inspection revealed all eight vanes were severely worn on the sides. 

The vane tips indicate normal wear as indicated by LUCAS, as they were present during the disassembly 
of the pump. The two spring washers made from AMS5 120 spring steel coated with Sermetal type W, 
used to preload the cartridge, showed severe corrosion. This material selection was a concern during the 
design review. All the other components (shaft, port plates, rotor, thrust plate, and transfer cylinder) 
visually looked good. 

4.3 Water Processor Gas/Liquid Separator Development 4 - 5 

The WP for the ISS (fig. 2) requires the removal of free gas from the effluent of the catalytic 
oxidation reactor. An excess of oxygen (0 2 ) is injected into the reactor to ensure oxidation of organic 
compounds. To provide system flow stability and to prevent pump cavitation, removal of excess 0 2 , 
C0 2 , and nitrogen (N 2 ) generated is desirable. The G/LS removes this free gas. The most recent WP 
G/LS design employs a passive membrane separator that utilizes hydrophilic and hydrophobic mem- 
branes. Recent integration testing at MSFC has indicated a shorter than expected operating life with the 
WP influent. To improve the G/LS operating life, evaluation of other technologies for gas/liquid separa- 
tion for the ISS WP, will be investigated. 

HS conducted a detailed evaluation of technologies for free gas removal in the reactor effluent. 
The goal of this task was to identify up to three candidate technologies for further evaluation at HS and 
MSFC. A trade study considered G/LS requirements and investigated phase separation technologies 
(both passive and active). The trade study compares requirements with abilities of the technologies and 
will identify best-suited technologies for the application. 

HS obtained quotations for separator selected in the trade study. Upon receipt of supplier infor- 
mation, HS performed another trade study to determine which separator to procure. HS shall procure up 
to three devices (technologies). The hardware procured will be engineering development hardware. Due 
to cost and schedule constraints, only off-the-shelf or existing prototype hardware will be considered for 
procurement and test. 

HS performed a functional test of the separators which includes proof and leak tests and perfor- 
mance evaluations. The performance evaluation will use a two-phase mixture of DI H 2 0 and air at flow 
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rates and pressures comparable to that of the WP. The purpose of the evaluation is to baseline the 
separator’s performance. Upon completion of the teste, HS will package and ship the separators to 
MSFC for integration testing with an H 2 0 challenge, representative of the ISS WP challenge. 

A trade study was performed to identify the most appropriate phase separation technologies for 
use as the G/LS in the ISS WP. Known technologies were evaluated against a developed list of weighted 
criteria to identify the recommended technologies. 

This trade study was designed to be as objective as possible. All available gas separation tech- 
nologies were initially considered. Options were only eliminated where they failed to meet certain 
absolute screening criteria. 

The method of PV was used to conduct the trade study and select the top three phase separation 
technologies. This is a proven, structured, decision-making process that identifies and categorizes deci- 
sion criteria and finally identifies die best selection(s) from the various candidate choices. The choices 
refer to the available phase separation technologies that were included in the trade study. 

The decision process is described in die following paragraphs. The trade study was conducted 
by a group of HS engineers from differing functional areas. Group discussions were used throughout 
the study and viewpoints of in-house experts were sought. Decisions were made by consensus to ensure 
that sound judgment was applied throughout the study. 


The first step in the QFD process was to identify requirements, obtained from the zero gravity 
G/LS assembly minispec developed for this program. The minispec defines not only requirements but 
design goals as well. Tfeble 7 summarizes the requirements and goals separately. 

These design requirements formed an initial screening of the possible phase separation technolo- 
gies. Those judged unable to meet the design requirements were no longer considered in the trade study. 

Table 7. G/LS performance requirements and design goals. 


RHtlmmtes 


Water with 0.08 Ibm/day of freehand 0.05 Ibm/day 
of free CO 2 and <10 2 ppm of acetic acid 
No external teakage 

Operating flow of 1 1 to 1 7 Ibm/hr of HjO 

Fluid temperature of 41 to 191 °F, nominally 150 *F 

Fluid pressure of 9.7 to 25 psia 

Max design pressure of 52 psig (nonoperating) 

Gas handling ability in 1 and 0 g 
Must not contaminate water 

Minimize gas carryover 
Minimize water carryover 
Minimize water vapor carryover 

UbtlmlM grilnht 

ivfitBiilSlU wwvym 

Minimize envelope 
Minkiriza power consumption 
Minimize water side pressure drop 
Gas pressure drop 
Transient performance 
Service life 
Proven tedmology 
Robust design 
Reliable design 

Stmt manufacturing lead time 

I It pj t-wn juuA 

CO$t 

Minimize development cycle 
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^ design goals deriv«. from the minispec were considered in the decision criiena portion of the trade 
study. 

The second step in the QFD process was to deveiop ■ 

a setof " w “ developed 

during a brainstorming session (presented in table 8). 


Table 8. Decision criteria. 


Capable of 0 and 1 0 performance 
Handles ambient dew point 
Handles ambient pressure 
Handles ambient temperature 

Compatible with fluid, dissolved chemicals, 
and particulates 
Does not contaminate water 
Handles fluid flow rate 
Handles fluid pressure 
Handles fluid temperature 

No external leakage 

No leakage in no-flow condition 

Envelope 

Weight 

Robust 


Minimal air carryover 
Handles on/off cycles 
Minimal power consumption 

MMmiwS outlet-to-gas side pressure drop 

Handles transient performance 

Minimal water carryover 

Minimal water pressure drop 

Handles water vapor transfer 

Minimal development cycle time 

Minimal manufacturing lead time 

Development cost 

Life cycle costs 

Service life 

Technology risk 


The brainstormed list contains many (development cost, 

minispec. md robustness drivers. These derived goals are included 

«“ — ' eM>ec,a,lons ' 

Based on the results of the trade study, ta technologies with the highest rankings 
are hydrophobic, hydrophobic sheets, and the MLS. 

, . , j tri .l.:. nas sive nature and because their mem- 
Hydrophobic-based separators score tag _ hydrophilic membrane. Scoring differences 
branes are much less susceptible to foulmg/failure * y ^ A k physical design; for example, 
between the hydrophoMcbased technohig.es d. most diffi- 

hydrophobic spiral-based separators offer , . paralors offer the best hydrophobic-based 

cult and costly to develop. Hollow fiber simp licity and packaging effi- 

solution because their packaging offers a good P withstam j the fluid pressure requirements, 
eiency, and because the tubular membranes are best able to witnstano 

The MLS, although a ^TcTa^toMSbecause they 

-d because they score iower in terms of performance or 

requirements. 


Ih. i „J^t^r baS ^ 8ep,ra,OK offer disad ™Ua«e of requiring a membrane through which 

®“* m f T: ^ membraoe can and will act as a filter to constituents within the H,0 Lh 

Future vendor searches will be focused on these three technologies. Based on the vendor 

tTkS the trade ^ ***' *“ «**» i» design specifitsdong with cost and Stability 

to identify the top units for procurement. These units will be procured, tested, and delivered. * 

4A Water Processor Prefilter Assessment 6 

The first step in the ISS potable H 2 0 treatment system is to remove the particulate material fmm 
the wastewater pnor to the removal of the dissolved inorganic andotganic compounds The TOC of the 

wearer ran range fiom 1 50 m 500 mgfL, depending^ the 

analysis reveals that for a given wastewater sample, the particle size (based on volume percentage) 
t^ges from 0.°4 to 2,000 /im with the mean size of »31/an. These particles are primarily composed 
a^iS'o tel ^ change sba P e - n“d may be soap particles or other organic particles with soap 

Due to the high concentration of dissolved solids (soap) in the K>0 oreciDitation nf th* 

“fiiter is a depth or graded density pressure filter and is used to remove particles 
<0.5 iim m size (PAT T . mmUi Mn a dovoac q n n A . cmovc panicles 


op^g pressute 20 psig). Stage .0 testing a. MSPC showed that tefiteUfewai 
llfwaySte ItT ** ‘ S ° aPy 00,0 of the filter and 

It is proposed to increase the particulate filter life to reduce te era, of 

te w^. CU,0ff ° f a5 '' < " ab80lute *" ** recently ttendoned^l^^tell^of' 
the particulate filter to maximize the life of the multifiltration beds flUFftM m e purpose of 

hue fite wiU now be to precipitate as much 

™»red by tbc MFB’s. Consequently, a particuhuc filter hade A CfaISS 
system ”** ” lmproved fi ’ tradon h»hnologies for possible use in the /.M portable H 2 0 treannent 

A total of 29 potential filter manufacturers were solicited with respect to providing new and 

PAM teChn0l0gy f0r ^ 755 P 0 ** 6 H 2° treatment system.Cm^™^' 

PALL Filtration Cmpmabmi (East Hills, NY) and the Memtec Group adivisionof US 

Oa^g, Ml) were id«Bti&d as having new and improved filtration technology that may be easily 
pted to the present ISS particulate filter hardware. Both companies have developed advanced filtra 
tion technologies, described below, that may be beneficial to S potable H 2 0^en" 
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There are three basic cartridge filter types: edge, strfbee, iKSTto 

cylindrical outer surface. Each disc contains grooves cut into it such that vwynne an * 

^ ^ 

are strained or filtered on the outer surface. 

TVdepth cartridge or graded 
^CT^'SceTo °dte center of ^ 

tssssss^s^^^^ssssss. 

Bonded cartridges are composed of fine, pdkta ->j 
walled tube by a filtration technique wherein the ctnicture with good dirt-holding capacity. 

- **«■• «■*-* u improved by chang - 

ing the density of the medium. 

of the winding pitch, tension, fiber length, and other characteristics. 

Surface flirtation cartridges are made of thin sheet-form i of edkte M - " ***■ 

“ k ° f 1 *- “ p,ace 

on the surface but some depth filtration also takes place. 


4.4.1 U.S. Filter/Filtration 

it s Filter was given a sample of the wastewater to make a preliminary evaluation of the type 
of filter ^ ^rlsSal to the ISS potable H 2 Q treatment sysmm. A gravtmetnc analysts 

of the wastewater was performed (table 9). 

u S Filter observed that die wastewater condoned many particles dm. easily 

changed^ shape (typtca, of soap - 

of HjO matrix, a depth filter was not recommended. u» na^e P f ^ ^ 

load, blinding can occur where the spartic es ^ ^ utilized. U.S. Filter recommended using 

^ t. “a ^"-te POLY-fTNE I. series filter was recommended These 
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Table 9. Summary erf the U.S. filter gravimetric analy: 


sis. 


MaMmm Used: 02 polyester 

Vblumef^uhlOmL 


PMcIstizsDisMMiM 

M**m Pmaat 

0.25-0.31 

27.1 | 

0-31HQ.40 

26.5 

0.40-0.50 

10.4 

0.50-0.80 

9.8 

OJO-1.00 

10.8 

1.00-1.50 

102 

1.50-2.52 

4.7 

2.52—3.17 

0.5 


PlCatCd ? ter . cartrid 8«- The filters are made of chemically inert 
polypropy lene and is i mhITi ^ dnMn ^ radon ft* food and beverage contact. The filter m*Hja is 

0.45. 0.8. 2. 3, 5. ip“ SS ^ ° f 02 * 

wttehhaT f T^‘*^7^f?: S ~^J' >tcatcd ^ypropytoe filter 


f 7 ~ m f bSOl “ te rating ^ 222 sUicone 0-™gs; and (3) 20-in. 
mm0-20US-M3 pleated polypropylene filter which has a 15-/nn absolute rating with 222 silk 


team 


There are several types of filter 


it o e-TT. . — ’ vu u « oner size ana application. For stage testing ourooses 

Srrr^m 15 ' "° WWch h0,ds ** ^ 222 

4A2 PALL Corporation 

(P/N AB^ifOO^^^^sta^ K)'twtta^ P n«[usriOT.'^ie r ^ * USed0 ’ 5 ' fi PALL ^° me n filter 

^° f J? n ? mi,,a ? 00 . by CUtt “* ^ filler across d>ccr0 *i section. The bulk of the contamination's 
^served to be confined to the outermost filter layer. The Profile II filters have an absolute-rated (fj 

particulates) downstream section, and a continuously graded pore size upstream section, which serves 
as a jnefilter and increases die service life. In this case, it appears that only the unstream nrefilter section 

downstream 

size analysis of the wastewater provided 


section. PALL says the results are 
by Michigan Tfcch University. 

<1 

are >2fL 




. „ „ . . - . j are <0.5 n is 

size distribution is 25 fi and roughly 90 percent of the particles 
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Care must be taken in evaluating the particle size analyses. The particle size analysis provided by 
Coulter is for the clumped particles in the H 2 0. The particle size analysis performed by U.S. Filter is a 
better description of the wastewater particle size analysis because the H 2 0 sample was sonicated for 
0 5 hr to unclump the particles prior to analysis. The Coulter test experiment was conducted at a low 
velocity and thus enabled particles to clump together or the particles may have already had enough time 
to clump together before the experiment. The clumping of particles in this type of soapy wastewater is 
common. In addition, Coulter used an optical laser to evaluate the particles and this test can give unre 1 - 
able results because small particles can hide behind larger ones and not provide an accurate particle 
count. The true particle size distribution may be the one provided by U.S. Filter. However, there is 
probably enough residence time in the wastewater storage tank to allow the particles to flocculate 
and clump together. Consequently, the particle size distribution observed by Coulter is the same one 

observed by the particulate filters. 

PALL suggested testing their 4.5-/X Ultipleat Profile depth filter. This filter will perform veiy 
well, given that the particle size distribution data indicated that a large fraction of the clumped particles 
(>85 percent) was 5 n or larger. PALL also suggested testing the 3-/i Profik D depth filtw but it was e 
that the results would be similar to the 4.5-/1 Ultipleat filter. PAUL suggested using the Ulhpor GF Plus 
filter for polishing after the depth filters, something worth considering if a polishmg filter is necessary. 
The cost of the filters and housing are probably very similar to those given by U.S. Filter, since U.S. 
Filter is a major competitor of PALL. The filter sizes are standard 2.5-in. OD with standard filter lengths 
of 10, 20, 30, and 40 in. Some are also available in 2.75-in. OD as well. 

All filters recommended above (except for the Ultipor GF Plus filter) are available in 1-in. 
segments, which may be used for filterability testing. The filterability tests can be conducted at high flux 
rates (compared to the process) to quickly determine an optimal scheme for additional full-scale tests. 
These tests will have to be done on site due to the large volumes of H 2 0 needed to simulate the process 
throughput requirement (5,000 L) even at the 1-in. segment scale. The Ultipar GF Plus filters as the 
0.45-/1 rated membrane filters are available as 47-mm discs that can be used for filterability testing. 

Based on the results of this trade study, several filters were procured for testing in the upcoming 
WP expendables evaluation test (EET) to be conducted in-house at MSFC in 1999. A list of the filters 
to be tested is provided in table 10. 


Table 10. WP particulate filters. 


Manufacturar 

Filter 

H Rating 
(absolute) 

Lm«tb 

(In.) 

FUtar 

type 

PALL 

Profile II* 

0.5 

10 

Depth 

PALL 

Ultipleat Profile 

4.5 

10 

Depth 

U.S. Filter 

POLY-FINE II 

0.5 

10 

Surface 

U.S. Filter 

POLY-FINE II 

5.0 

10 

Surface 

PALL 

Ultipleat Profile 

10.0 

10 

Depth 

U.S. Filter 

POLY-FINE II 

12.0 

10 

Surface 

PALL 

Ultipleat Profile 

40.0 

10 

Depth 

U.S. Filter 

POLY-FINE II 

40.0 

10 

Surface 


a Stage 10 fitter. 
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4.5 Urine Pretreatment 7 


The wine pretreatment prefilter assembly (UPPA) is bong developed for putposes of providing 
a simple, safe, and convenient method of handling die chemical pretreatments required for urine process- 
ing in a microgravity space environment. The Oxone® ami acid tablets along with the filter and covering 
of UPPA have been defined and tested in previous test programs for MSFC. Reference figure 9 which 
shows the configuration of the UPPA. 



Figure 9. Urine prefilter/pretreat assembly. 


There are several problems and considerations for the proper collection, storage, and processing 
of urine in a microgravity environment for long-duration, manned spacecraft missions, such as the Space 
Station. Urine processing for H 2 0 reclamation usually requires the addition of chemicals to fix the urea, 
provide microbial control, and minimize urine precipitate deposits. Also, since there is minimal use of 
flush H 2 0, the additive chemicals are required to eliminate precipitate deposits in equipment and plumb- 
ing which can cause premature failure of hardware and systems. Since the original conception of the 
Space Station system layout, the urine pretrcat chemical additive has been defined as an oxidizer of 
potassium monopersulfate compound (Oxone®) and a concentrated solution of H 2 S0 4 . The present 
requirements for chemical concentration ratios with urine are 5 g of Oxone® per liter of urine and 2.3 g 
of H 2 S0 4 per liter of urine. These ratios are driven by the downstream urine processing system to fix 
the urea and eliminate urine precipitates. These pretreat chemicals have been considered to be intro- 
duced at various points in the urine collection mid processing system. Considerations such as crew 
safety, ease of handling, envelope volume, interface, and maintenance all entered into the decisions. 

The original system approach was to introduce the Oxone® as a mixed solution of H 2 0 and Oxone® 
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powder upstream of the urine separator and mject a only the Oxone® 

urine outlet line downstream of the urine “P™' . of H 2 S0 4 injection in the proximity of 

upstream of the separator was to minimize the po“ injectiM of Oxone® alone upstream of the 

plumbing clean. 

The first phase of the ® ne ^^^XSttUi^h^^^Oxone® only into the 

1994 to June 1995. which suc ““ tv results of this investigation and testing were 

presented in the HS report No. SVHSER17575, rev. A. 

4.5.1 Discussion 

The combined effort for the third phase of the 

and test program was conducted to d ® fi “ “ effort for this third phase specifically addressed 

previously developed UPPA Tor * ith ±tis effect on the prefilter housing design 

• Long-term storage tests of UPPA materials 

. Recommendation of tire optimum handling metiiod tmd —extraction procedures 
along with long-term storage provisions of the UP 

. Design definition of handhng and storage devices in “SVSK” thawing format 

. Evaluation of prefilter filter housing for interface with the UPPA 
. Evaluation of the flow/differential pressure effects on the unne fan/separator 
. Investigation and recommendation for improved fabrication efficiency of tire UPPA 
. Recommendations for zero gravity sensitive issues. 

4 S.2 Long-Term Storage Test of UPPA Materials 

! various^wereconducredtodefi.^.at^^ 

storage for the Space Station logistical and 8 materials compatibility testing using concentrated 
, different approaches. One was “ vXs p^ng conLpts with enclosed Oxone® 

H 2 SO 4 . The other was actual long-term testing g 

and acid tablets. 
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-r* - pac ^ 

mAfcinft . - . ® uSCa tor the UPPA program. The test U/ftC iVMt/llii 


™ OT >*« f 98-percent hJoT 

case indication of compatibility with conceatratedhLSO If ?f^.^^ to8a,< I 1,ickvisoal 'TOret- 
tadiction d* theZleL cl °* “ w “ “ 

or the solution becomes slightly tinted, a reaction is takw*^* material being tested changes 
Table 1 1 shows the results of this investigation g P ace an fiirther investigation is necessary. 


Table 11. 


ibility with concentrated 98-percent HjSO* solution. 



Teflon®* 


H*S0« Chang* 


t Polyethersulfone 

PVDF membrane PVDF 

ComWtherm XX1 15 Nylon/LDPE 



Vinyl gloves 

PALLPNW50 
PAIL HOC 2.5 
VET glove 


Nonwoven polypropylene 

PoJy^opjflene 

Polyethylene 


Medium tint No color change 

Slight tint Nykm-charred 

LDPE — no change 

Medium tint Slight wrinkle wetted 
and turned dear 
" one No visual change 

None No visual change 

N pne Slight color change 


(PEG) MdHjSoJ S*!£ Z!!!Z Che T° y ( ° TO “® + ^ethylene glycol 

Primaiy reasons for conducing the longterm test fitaS “ d mMhods - One of the 

UPPA with Kid tablets that still retain the highly hythoscopic ^ 

tag ™ ki "* Oxone* and Kid able* and pKiag- 
«»ples included one piece of the following ite ms ,23^ “ d Tefl °”® All 

ends wi‘thTe g fS®"S^f ‘ ablet (Ma “ ” onwov “ Pohimpylene fabric and tied at both 

and tied at bodi MKb^^lM»*rh^l« WraM>ed “ Gore - T “ n, /nonwoven polypropylene ftbric 


5d at both ends with Teflon® thread) 

• Dog bone tensile shape of Gore-Tex™ 

• Dog bone tensile shape of nonwoven polypropylene 

• Length of Teflon® thread. 



Test sample bags S/N 001-030 were made from pactagmg C ^^o3M^werc 
sealed with the previously listed items in a dry N 2 gas backfill. Test sample bags SM 03MK50 
idfntod except they were vacuum sealed. Test sample bags S/N 101-106 were only ap-lock tags 
backfilled with dry N, gas The “zip-lock” bags were to be used as a worst case packaging procedure, 

the* recommended Combithem, XX115 paging film. The mst 

timeline was set up to take a sample from the Combitherm XX 115 packaging groups every ‘ t wk 
"^SktageTery ,2 wk. R, each date point, the following information would be analyzed 

and recorded: 


• Final sample bag weight 

• Percent active Oxone® content 

• Acidity equivalent/gram 

• Tensile test on dog bone test pieces 

• Visual observation. 


The Combitherm XX115 packaging film, which is considered to be arehdtaly ^ ^ 
harrier in the food packaging industry, still showed some vapor penetration. After 20 wk, the N 2 back 
^ s taw^ r=CcLt wetgh.7ncrease. Funhermore. dte samples showed a visual md^honof 
free tiauid inside the packaging film which is unacceptable. A visual review of the remaining samp 
up through S/N 030 also indicated that free liquid had collected for all of the ^ backfiM ta gs^ 
data for die vacuum-filled bags show a reduced level of weight mcrease over the same 20-wk umelme 
“vidence of fi£ liquid in any of the samples up through S/N 060. Also all of theremmn- 
ine bans show the vacuum sealing still intact. Based on the above observauon.it is recommended that 
vacuum sealing should be used in the UPPA packaging. Also it is concluded that la ° 
f^mhittu-rm XXI 15 is not sufficient to provide for long-term storage requirements and, therefore, 

an pi nwiinnm foil should be considered for the final outside film. 

The observed H 2 0 vapor transmission through the Combitherm XXI 15 packaging film based 
on 20 wk of long-term test for 25 samples of each type of sealing is as follows: 


Average package H 2 0 increase (20 wk). 

GN 2 sealing 9.22 percent (0.46 g) 

Vacuum sealing 2.97 percent (0.15 g) 


Average daily package H 2 0 increase: 


GN 2 sealing 0.35 g=0.0025 g/dayl40 days 

Vacuum sealing 0.15 g=0.001 1 g/dayl40 days. 


Based on the results of the long-term test, it is recommended to use the vacuum bag sealing 
method to seal the UPPA’s in packaging film. An additional advantage for using the vacuum method 
over GN 2 backfill method is a significant packaging volume reduction. 
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was a: 


4S3 UPPA Packaging and Handling Design 

^fo^JPPA rcm ° Val P roccdurcs for the UPPA 

fOT mght Wmd 

generated wlueh included requirements, design, goals, assumptions, and definitions regarding packag- 
ing, handling, storage, and disposal of the UPPA. 5 8P ^ 8 

The nunispec for die UPPA storage/handling/disposal container is presented below: 

• Requirements 

- Provide safe storage of used and unused UPPA 

- Provide safe handling of used UPPA (removal of old and insertion of new) 

- Provide an H 2 0 vapor barrier for unused UPPA to limit tablet weight increase to 2 percent 

- Packaging shall be operable (opening, dosing, storage, etc.) with gloved hand 

- Last removed package layer shall be transparent (view damage) 

- AU materials that can contact UPPA (new or used) shall not cause a hazardous condition. 

• Design Goals 

- Packaging should minimize stowage and dispel 

- Logistics should consklCT launch with or without a UPPA in the urinal hose 

- Visual indicator inside packaging would help with detecting damage to UPPA 

- Opening feature should not generate additional pieces 

- Desirable not to have to use tools to open containers packaging 

- Keep it simple 

- Logistics should consider returning used UPPA in original launch packagine 

and stowage location. B * 

• Assumptions 

-Maintenance gloves are not provided with the UPPA but are available to the crew member 
as part of onboard waste management logistics 

-Most likely scenario is to launch without a UPPA installed in the urinal hose. 

• Definitions 

-Safe: Double containment 

a i " S J torag * life: 2 *y r minimum, 3-yr design goal from date of manufacture to end of useful life. 

Also, from date of installation into vehicle, life should be 1-yr minimum 

-Disposal life: 270 days from date of removal to date of ground disposal. 
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The challenge of providing a sufficient H 2 0 vapor barrier to protect the acid tablet which 
retained the hydroscopic property of H 2 S0 4 was a primary design consideration for packaging. A searc 
for a suitable packaging film considered many types of film. It was felt that the first (inside) 
layer should be clear, such that any UPPA damage or apparent moisture intrusion would be evident m 
the nackage would not be opened for use. One initial choice was Kynar® because of its v «y low mols ' 
^^fLsmission rate In fact, Kynar® was used to package the initial UPPA’s supplied to support 
the stage 10 testing at MSFC. The result of using Kynar® for packaging was disastrous since therewas 
some apparent reaction with the acid tablet, causing premature degradation and discoloration of the 
Gore-Tex™ wrap. At that time in the program, contact was made with the JSC food group in o 
wiAalTuqu^ as to what material wL used to package the dehydrated food for long storage periods for 
Shuttle and Mir missions. One of the clear packaging films used was Combitherm XXI 1 “ 

Wolff Walsrode. The basic structure of this film is an outside layerofnylon an an 

of polyethylene. Samples of this packaging film which is used in the food industry were obtained and 

us£l successfully to repackage the UPPA’s for the stage 10 tes^rogiam. Smce the c 

XXI 15 was already used for space application, it was considered a prime candidate for UPPA us . 

Combitherm XXI 15 was used as the test media in the long-term storage tot previously 

indicated that one layer of clear packaging film was not a sufficient vapor barrier. The JSC food gr P 

also recommended an aluminum foil packaging film similar to the military meals-ready-to-eat, which 

provides a superior vapor barrier. Samples of the aluminum foil packaging film ^ 

Smurfit Flexible Packaging in Schaumburg, Dlinois, and is identified as Hex No. 70464. The basic 

structure of this film is polyester film, 0.0005-in. aluminum foil, and 4-mil polypropylene layered 

together. 

The UPPA is sealed in three layers of packaging. The Tertiary bag is the outside layer of He* 

No 70464 foil packaging used as the primary vapor barrier. The secondary bag of the clear Combitherm 
XX115 filmis used S a backup packaging layer for the primary bag. The primary bag.s Msoac,^ 
Combitherm XXI 15 packaging film with two sealed pockets: one pocket contains the UPPA and the 
mhTr contains a protective glove for use during removal and disposal of a used UPPA. Vacuum-sealing 
procedures are used for each of the three bags. 

The previous discussion of packaging and handling of the UPPA’s was based on seven 5-g 
tablets This configuration had 20 g of Oxone® (four tablets), and 15 g of H 2 S0 4 and KHS0 4 (three 
tablets) used to pretreat a total of 4 L of urine. This related to 14.5 micturations at an average volume 
of 275mL per use. In addition to 4 L of urine was an automatic 80-mL flush with H 2 0 after each use. 

Several adaptations or modifications of the UPPA configuration and packaging approach are 
possible, which would affect topics such as UPPA changeout frequency, flush H 2 0 use, trash volume, 

etc. 

The first two urine pretreat injection system (UPS) studies assumed a UPPA changeout frequency 
of twice a day for a crew size of four, which was *14 micturations per UPPAA study was conduct^ to 
determine the best configuration to increase the pretreat chemistry from 35-70 g tat ^tffinot affect the 
air entertainment flow area in the urine collection hose. Various items were allowed to change, i.e., 
number of tablets, diameter of tablets, and inside diameter of hose. Refer to table 12 which P res f*f 
the various parametric relationships of the variables. If the number of baseline ^ ^lete was doubied 
to 14, the length of UPPA would be =20 in. long and is considered less convenient for handli g 
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Table 12. UPPA study for the amount of chemical to provide a once-a-day 
changeout with a crew of four. 



Hose Inside Diameter 


in mkiQgrayity. An option would be to increase the outer diameter of each tablet, for a total of nine 
tablets, and increase the hose internal diameter to «1 in. for minimum effect on air flow. 

An issue for once-a-day changeout that would need some review is the dissolution rate for the 
UPPA with a total of 70 $ of pretreat chemistry. The dissolution rate can be slowed down by several 
methods; the following would be considered: 
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• Changing to nine tablets as 
to diameter ratio closer to one 


listed in table 12 would optimize the Oxone® tablet length 


• Increase the PEG content of the Oxone® tablet 
. Smaller pore size of the tablet covering membranes 

=2SSS- 

methods; the following would be considered. 

. Decrease UPPA changeout time from twice to once a day which would cut the quantity 
of trash packaging in half, assuming the same packaging method is used 

• Package two primary/secondary bags with a UPPA in one tertiary (foU) bag 

• Eliminate the secondary bag if there is no safety issue 

. ewnw the use of the empty waste collection assembly fecal bag stowage container 
(soft pouch) for excessive trash. 

4.5.4 Flow/Differential Pressure Evaluation 

A series of urine fan/separator flow versus pressure ^^^^y^Sns 

type urine inlet housing. The one-piece , d i amcle r of the original hinged-type 

to minimize the pressure drop associated with thesm diameter flight-like 

pTt w"ed jus, downstream of the hose and prior to dm fan/septuator. 

« st No ' '• ol ^“mTa?sien. n S>o°f0.8 in. 

(2. 2-1. 4=0. 8 in. ^Another l^®^con^no«m * off \o 2 in. of H 2 0 1 min 

introduced into the system and the A P increases to * in. in « 2 
after the H 2 0 flow rate is stopped. 
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of the extended duration orhiter (BDO) urinal fan wiH change with the addition of the 

U1YA tablets for unne pretreat The addition of these tablets in the line after the funnel and before the fan’. 

-ZmJSZL 2C- 10 shows baseline perforj^, i"b“^, 

^ Point 2. Point 2 falls on the system resistance line determined 

bi^wthu, quoted here. Swirl flow is 

rotation of separator drum enters the fan inlet with an imparted swirl-type^. ’ * 



Table 13. Operating point performance. 


Point 

Row 

DP 

WpWI 

PttWf 

(cfta) 

(In. HjO) 

(n»ra) 

(W) 

1 

10.4 

12.0 

14,433 

68 

2 

10.4 

12.5 

14,649 

71 

3 

9.4 

14.6 

14,649 

70 




433 Investigation for Improved Fabrication Efficiency of the UPPA 

The UPPA’s that were made at HS to s u PP°«^ preheat 

to a manual-intensive, Umited production * ~ tadi " 

chemistry for the tablets was muted in p^sed manually in a hydrate lab press. 

assays ^;^^^^"““ ,byta,,dand 

seam sealed in a manual package sealer. 

some - “ 

packaging, could be done outside to reduce costs. 

one aspect that was completion this program 

die with nonmetallic titters and anvils for «™“°P flow ^ surv ive the pressing loads. 

One membrane, which was hyctiophobtc Md appcarai^ Jb ^ ^ for dissolution rate mforma- 

nonwoven polypropylene * ted to be slightly faster when tested agamst the 


4.5.6 Recommendations 

The following recommendations are made regarding any further activity with the UP 
or related areas: 

. The ISS Safety Review Board concur with the approach presented in the UPS studies. 

. Fly a design test objective DTO UPPA moctap to minimize handlmg/safety concerns. 
,_a_ ,™. wiloe from «wice-a-day changeou. to once a day which will minimize crew 


| . Revise UPPA baseline from twice-a-day changec 

effort and trash volume. 

. Litmus strip should only be used as a cautionary 


indicator and not as a reject criteria indicator. 
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of the z# 5 “, JSC “ d •* »o*ed « a pan 

awy bnefing in *» 1997 and , Imndover of TOhUife^thtS * t£^T*^ 


A trade sttdy was 


Portable Fan Assembly Development 10 


to ctomine the most cost effective and 


ered in the initial evaluation of candidate fan technoloev fo^th SP ^,!i technol °gy were consid- 

ments placed on the fans for theliS^y & *" ap ^ Cation ’ 14 shows the require- 

from bot ^tCTnm!^ai l Mid l aaTL^r^^^!^! e ^.' n _ thC ^ sew:h of applicable vendors and fan. 
ThomM Regisoy ^ contaSdfa^phcable prod^T^ ma “ facturers were selected from ^ 

. TfcWe 14. Portable fan requirements. 



Operation maximum 6 hr/day 
50-150 ft*/min flow 


fnoto J hZT rw,uwmwts as applicable 
(noise, vibration, op. env., human factors, etc.) 



! Space Station IMV/standoff fan 

Space Station avionics air fa™ 


Tab,e 15. Initial candidate fans. 

1 Co mmercial fan* 

■ ^ — i 


Space Shuttle IMU fan 
Spacshab ventilation fan 
Spacelab transfer tunnel fan/Skylah 
Shuttle cabin air fan 


senes 

EBM Papst 4300 series 
COMAIR Rotron Muffin XL 
SUNONfan 
EO&G Rotron 1984SF 
and 1936Sf Vaneaxia 
ES46 Rotron Corsair, Lightning, 
Pnjpimax 3438, Aximax 
AmetBfc120-Vtfc single stage blower 


qu ““ il “? were J ^o f toht^f^|^^^^ c f “' are Usted ™ ttble 16. These 

cotnpetition-seiisitive material and is esCedXT W “ ““ C ° ,Bidered but ««. i« »me cases, 

“> <W«e- | hat were “o significant 

"Mnce. reliability, power, etc. and the findfai select.. *f FC f Dd evaluated individually for perfor- 
overall program goals and requirements. ^ was chosen by evaluating this data versus the 
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Table 16. Fan evaluation major parameters. 



Electrical 


Parameters 



Fan Title 

Watts 

Voltage 

Flow (cfm) 

Volume 

Noise 

Mods* 

Aerospace Fans 





NC40 

•h 

Space Station IMV/standoff fan 

55 

120 Vac 

140 

10.4 in.x7 in.¥9.5 in.D 


Space Station avionics air fan 

160 

120 Vdc 

40-120 

23 in.x7.75 in.V10.75 in. 

NC40 

l b 

Shuttle/lab av. fan (HS) 

180 

115/200 Vac 

150 

5.467 in.x6 in. D 

NC40 

l c 

Shuttle/lab av. fan (Allied Sig.) 


11 5/200 Vac 

150-350 

6.34 in.x6.6 in. D 

NC40 

l e 

Space Shuttle IMU fan 

50 

110 Vac 

32 

8 in.x3.5 in.x10.5 in. 

NC40 

l e 

Spacelab ventilation fan 

290 

120 Vdc 

175-275 

6.2 in.x6.3 in.x4.3 in. 0 

NC40 

l b 

Spacelab transfer tunnel fan/Skylab 

22 

28 Vdc 

80-150 

7 in.x5 in. D 

NC40 

l c 

Shuttle cabin air fan 

495 

115 Vac 

295-342 

35.6 in.x12.2 in.x27.1 in. 

NC40 

l c 

Commercial Fans 







EBMPAPST 4400 series 

5 

24 Vdc 

100 

1 in.x4.7 In.x4.7 in. 

TBD 

ll d 

EBMPAPST 4300 series 

5 

24 Vdc 

100 

1 in.x4.7 in.x4.7 in. 

TBD 

ll d 

C0MAIR Rotron Muffin XL 

- 

11 5/200 Vac 

108-115 

1 .54 in.x4.7 in.x4.7 in. 

TBD 

ll d 

SUNONfan 

- 

12/24 Vdc 

84-108 

4.7 in.x4.7 in.xl.5 in. 

TBD 

ll d 

EG&G Rotron 1984SF Vaneaxial 

14.88 

48 Vdc 

65 

3.14 in.x3.14 in.xl.5 in. 

NC50 

ll d 

EG&G Rotron 1936SF Vaneaxial 

10.4 

26 Vdc 

65 

3.14 in.x3.14 in.x1 .5 in. 

NC50 

ll d 

EG&G Rotron Corsair 

15 

28 Vdc 

126 

4.7 in.x4.7 in.xl.5 in. 

NC50 

ll d 

EG&G Rotron Lightning 

7.8 

26 Vdc 

118 

4.7 in.x4.7 in.xl.5 in. 

NC60 

ll d 

EG&G Rotron Propimax 3 & 3B 

23.5 

48 Vdc 

100 

3.75 in. Dxl.73 in. 

- 

ll d 

EG&G Rotron Aximax 3 

45.5 

26 Vdc 

101 

3 in. Dx2.31 in. 

NC70 

ll d 

AMETEK120 Vdc blower 

200 

120 Vdc 

200 

7.4 in.x6 in. 

TBD 

ll d 


a Mods I and II: I — Noise suppression, electrical interface, c Fan out of production 

integrate into portable assembly; II — same as I + materials verification, reliability ••Fan is available through commercial vendor. 

b Fan currently in development/production 


Table 17. Fan test article selection. 


Fan Title 

Electrical 

Parameters 

Power 

(W) 

Vdc* 

Performance 

(cfm) 

Volume 

(In.) 

Noise 

Mods" 

Aerospace Fans 







Spacelab transfer tunnel/Skylab 

22 

28 

80-150 

7 in.x5 in. D 

NC40 

1 

Commercial Fans 







EG&G ROTRON MIL-901 

19.68 

28 

218 

6.375 in. Dx2 in. 

TBD 

II 

AMETEK 120-Vdc blower 

-220 peak 

120 

200 

7.4 inj(6 in. 

TBD 

II 


a All 28 Vdc fans require voltage conversion from 1 20 to 28 using Die VICOR dc-dc converter 
•>Mods I and II: I— Noise, electrical, portable assembly; II— Same as I + materials verification, reliability. 
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The test system was similar for each of the fan system tests. Polyvinyl chloride (PVC) smooth 

duct a specified distance from the fan inlets and outlets. A hot wire anemometer/fiowmeter is used to 
determine die air velocity, volumetric flow rate, temperature, pressure differential, and relative humidity. 
Deflection pressure gauges were also used to determine pressure differential across the fan. Figures 1 1 
and 12 show the two major test systems used to evaluate the three fans chosen for testing. 



Figure 11. Test system schematic for axial fans. 


5-in. Inner Diameter PVC From PLVTest 



Figure 12. Test system schematic for Ametek blower. 
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The Skylab duct fan (derived from 

appUed to the Spacelab program as a “"" 'J lately, for 1SS. The qMUg.ftg 
flight-qualified fans available for use onoth p 8* makes it a ve ry likely candidate for portable 
hi^tonr and design/performance range of the P w housing developed for that purpose and 

'££££&&• duct fan was i» £- 13. Two configu^ 

s^r=SSsss=s= aSrrSSs. 

on the ISS 120 -Vdc voltage bus. 


Handles 



Resonance 

Chambers 


Porous 

Metal 


Rubber 

Particles 


Figure 13. PLV portable fan assembly. 


The second fan tested was an blower will 

dc and sc configuration are somcwhat differe ^ ^ ^ and outlet ports of *l-m. out 

r»ir»t of nressure versus flow is more prono 
CrA -hematrc of fins fan is shown tn figure 14. 
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RgUre R AmeKk 120 -Vdc blower scbem.de wftb dimension. 




Figure 15. EG&G Rotron MIL-901 fen. 
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The PLV fan was operated in two configurations for over 200 hr each. The initial configuration 
utilized a direct 28-Vdc power supply and the second configuration used a 120- to 28-Vdc voltage 
converter with a 120-Vdc power supply (to emulate the Station power grid). This fan generated a pres- 
sure rise of 0.23 to 0.97 in. of H 2 0. The maximum flow rate achieved was 205 cfm and the overall 
maximum power consumed was =22 W. The noise data indicate that the PLV will require only slight 
modifications to meet a reasonable noise requirement. No degradation in the fan performance was 
observed throughout the test. 

The Ametek 120-Vdc blower operated directly from a 120-Vdc power supply, thus eliminating 
the power converter. Additionally, this blower was operated at two different performance setpoints for 
over 200 hr each. The varying setpoints were selected by manipulating an integrated, fully adjustable 
speed control potentiometer. A maximum and intermediate flow range was selected for the fan operation, 
generating (in high flow) a pressure rise of 0.12 to >15.5 in. of H 2 0 but only produced a maximum flow 
of =104 cfm. It should be noted that this blower will operate with either a 120-Vdc or Vac input. The 
blower consumed =200 W of power maximum. The noise generated by this fan (in high flow) was 
significant compared to the other test articles, resulting in more design modifications to meet a reason- 
able noise requirement. No degradation in the fan performance was observed throughout the test. No 
further evaluation is anticipated. 

The MIL— 901 fan was operated using a 120- to 28-Vdc voltage converter with a 120-Vdc voltage 
source. The fan was run for over 200 hr in this configuration, generating a pressure rise of 0.125 to 0.61 
in. of H 2 0. The maximum flow produced was =231 cfm. The fan consumed =25 W of power maximum. 
This fan exhibited the least noise of all the test articles and would therefore require the least design 
modifications to meet a reasonable noise requirement. No fan degradation was observed throughout the 

test. 


As a result of the comparison of each set of fan performance data, further evaluation of the 
MEL-901 and PLV fans was undertaken. The Ametek blower was off-nominal when evaluated on an 
overall flow basis and power consumption and, therefore, was not considered for further testing. The 
PLV and MIL-901 fans were reintegrated into the test stand and run simultaneously to evaluate their 
endurance over an extended duration. The endurance testing setpoints for each fan were selected to 
bisect the operating pressure range of the fan as evenly as possible without falling within a transition 
region. For the MEL-901 fan, the full scale of operation was from 0.135 to 0.61 in. of H 2 0; therefore, 
an operating setpoint was chosen at =0.3 in. of H 2 0. The PLV fan varied from =0.25 to 0.96 in. of H 2 0; 
therefore, a setpoint of =0.6 in. of H 2 0 was selected for this fan, which is clearly below the range of the 
PLV fan transition flow region. During the extended duration test, the PLV fan ran for 930 hr and the 
MIL-901 fan ran for 1,030 hr. 

Fan performance data for the Rotron MIL-901 and PLV fans are provided in figures 16 and 17. 
Both figures show initial, post-200-hr test, and postendurance test data. 

Each fan met a certain initial selection criteria prior to testing. Additionally, each fan tested 
was integrated into a test system designed to maximize comparable data and reduce any system-specific 
effects that would skew the data inordinately toward a specific fan. All fans fell within the soft and hard 
requirements initially placed on the fans. However, some of the parameters have not been specified 
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VoluflM Flow (Q) 

Figure 16. MIL-901 fan performance data comparing initial, post-200- hr test, 
and postendurance test data. 



Figure 17. PLV fan performance data comparing initial, post-200-hr test, 
and postendurance test data. 
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for a portable fan application and one of the purposes of this test was to determine the envelope for some 
of these parameters. Principally, noise and power consumption levels were not mamtamed as hard 
requirements, although noise levels approaching NC40 or NC50 have been baselined for ^°f*e 
Station equipment. Therefore, comparison of the fans in an equal basis, including the undefined param- 
eters, led to an evaluation based solely upon “trade-ofF analyses. 

The endurance testing of the PLV fan indicated there may have been some degradation, since 
there was anomalous flow data at the endurance setpoint of 0.6 in. of H 2 0. Ho ^® ve ^ I J 0 other data 
indicate there was a degradation in performance or operation of this fan. The MIL-901 showed no 
performance reduction and the differences in the noise levels exhibited may be a simple function of 
normal break-in wear. Based upon these data, it was recommended to continue evaluation of the 

MIL-901 fan. 

After selection of the MIL-901 Rotron fan, steps were taken by the ECLS Branch (ED62) to 
solicit support from various MSFC disciplines to develop and qualify a PFA foruse on the ISS. Based 
on their inputs, manpower (civil service and contractor) and program cost 

A concurrence sheet formally committing resources for the project was signed by allMSFC S&E direc- 
torate laboratories involved. In June 1997 the MSFC director of the Flight Projects Office approved 
completion of the qualification phase of this effort. 

A PFA development unit was assembled utilizing existing hardware. The development unit 
included an inlet bellmouth, inlet screen, ISS intermodule ventilation (IMV) noise attenuation silencer 
and Boeing development “dummy” silencer, MIL-901 Rotron tan, honeycomb flow straightener, outlet 
louvers and a development power supply module. Development tests run from July through Nov 
w LmW acoustic noise flow d? and electromagnetic interference (EMI). Tie IMV sdencer and 
dummy silencer were larger than anticipated for the PFA application but wen t udhzed because they wem 

similar to the design envisioned for the PFA with the internal acoustic foam footballs and, thus, should 

give a good indication of acoustic noise and flow A P characteristics. 

Acoustic test data showed the IMV development muffler provided adequate noise attenuation 
at low fan speed to meet the NC40 requirement for all frequencies except 1,000 Hz. The requirement 
for intemuttentiy operated equipment 11 used up to 8 hr/day was met at low speed and that for ^P^ ent 
used up to 3 hr/day was meet at the nominal speed. How A P characteristics are provided m figure 18. 
This performance data indicated that the PFA would meet the 50-150 cfm requirement^wer 
supply was only subjected to the conducted emissions (CE’s) and conducted susceptibility (CS) te 
based on SSP 30238 rev. C requirements. The purpose of this testing was to verify the comphance 
of the power supply to SSP 30237 rev. C requirements before integration with the remainder of the PFA. 
The power supply passed all CE and CS requirements. The PFA qualification umt will be subjected 
to a complete test of CE, CS, radiated emissions (RE’s) and radiated susceptibility (RS). 

A PFA preliminary requirements review (PRR) was held in February 1998 with the purpose of 
firming up PFA requirements and reviewing a preliminary design concept. Major documents available 
for review at the PRR included the PFA design and performance specification, PFA interface control 
document (ICD), hazards analysis, configuration management plan, requirements verification P “• 
program plan, and preliminary drawings. A total of 20 issues were written against the documents noted 

above. 
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Figure 18. Portable fan development unit flow — AP characteristics. 


Subsequent to die PRR, additional work was done on firming up a preliminary design and pro- 
vkfing information to allow closure of the PRR issues. The PFA Design and Performance Specification 
and ICD were baselined after incorporation of PRR issues and placed undo: configuration control. The 
design and performance specification is contained in reference 12 and the ICD in reference 13. The 
preliminary design concept, as shown in figure 19, was finalized by the Structural Design Division 
and a mockup fabricated by the MSFC Model Shop. Amockup demonstration was conducted for the ISS 
Program Office in early May 1998. At the conclusion of the mockup demonstration, the ISS Program 
Office representative indicated that the design was unacceptable due to die overall envelope and the fact 
that die fan was not “portable.” 

Comments from the mockup demo resulted in a redesign effort with the focus to reduce the 
overall envelope of die PFA. Emphasis was placed on reduction in die size of the inlet and oudet silenc- 
ers since they are the major contributor to the size of the assembly. A subcontract was to by ION 
Corporation to AcousticFab, Boeing’s supplier of the silencers, to conduct analyses and develop smaller 
silencers. AcousticFab recommended silencers «4 in. in length with resulting noise attenuation charac- 
teristics that would allow operation of the fan for 2-3 hr at 18 Vdc and still meet noise requirements. 
During the course of the redesign, the inlet bellmouth, honeycomb flow straightener, and oudet louvers 
were deleted from the design. 

The final design concept presented at the PFA critical design review (CDR) in November 1998 
is shown in figure 20. This design includes: die fen, silencers, power supply module (dc-dc converter, 
on-standby switch, speed control knob), power cable connected to the /5S utility oudet panel, the handle, 
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Figure 19. Preliminary PFA design concept. 

and the rack seat track equipment anchor interface. Predicted PFA perforate is provided in figure 21 
Noise attenuation data, developed by analysis, is shown in figure 22. This figure shows predicted overal 1 
sound pressure levels for 18- and 28-Vdc operation with silencers and with no silencers (bare fan) with 

the noise requirement overlaid. 


Upon satisfactory closure of design-related PFA CDR review item discrepancies (RID’s), 
a qualification unit will be fabricated. Subsequently, a qualification test will be performed m-house 

atMSFC. 



Figure 20. Final PFA design concept. 
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Figure 21. Predicted PFA performance. 






4.7 Flight-Like Condensing Heat Exchanger Refurbishment 

The CHX used to outfit the ECLSS test bed in building 4755 are not flight-like and do not reflect 
the ISS design configuration. The CHX used in the stage 10 water recovery ten (WKp aweared » toe 
leached an excess, ve amount of zinc stearate compound that may have Mused [nemame filing of dw 
WP prefilters. In addition, the ISS Program Office has often expressed the need or a g " 
interface with the four-bed molecular sieve (4BMS). Tltese two factors led MSFC to assess the availabtl- 
ity of flight-like CHX units and solicit replacement units. 

Discussions with HS, the supplier of the ISS CHX, indicated drat twoCHXcorasdmtaged 
during development were available for refurbishment. HS was awarded a '° N 

Corporation to repair, refurbish, perfoimance test, and deliver two fhght-llke CHX s. The two CHX units 

were to be provided by ION Corporation. 

One CHX was delivered by HS in June 1998 and is currently being configured to be utilized 
as a cart of the temperature and humidity control (THC) subsystem of the laboratory module for the 
ECLSS sustaining engineering test bed. A flight-like interface with the 4BMS will be fabricated and will 
allow for higher fidelity development testing with the 4BMS. The second CHX unit wi f 1V ® in 
early 1999 and will be installed in the sustaining engineering node 3 and habitation modulesimulato . 
This CHX will interface with the node 3 WP providing condensate for processing by the WP. 

4.8 Sabatier Carbon Dioxide Reduction Reftirbishment 14 

Carbon dioxide reduction was included in the Space Station Freedom (SSF) byline to com- 
pletely close the 0 2 loop and reduce the amount of H 2 0 that needed to be supplied. A comp^five test 
program in 1989-1990 featured an HS Sabatier. The most recent testing of this technology by MSFC 
wasconducted as part of the predevelopment operational systems test (POST)which ^ cu ^|JJ ear y 
1991. At the end of that testing, certain problems were noted and items were identified as needi g 
refurbishment prior to any additional testing. HS has investigated the problems encountered during th 
POST and has identified several system improvements under independent research and developmen 
^ks. The purpose of this task was to refurbish and upgrade the existing POST Sabatier subsystem so 
that system level tests could be run at the ECLS test facility at MSFC. 

4.8.1 Design and Configuration 

This section describes the effort to refurbish the components of the Sabatier subsystem. Changes 
were made to the subsystem schematic and to the accompanying mechanical and electrical componen . 
Each of the changes made and the supporting rationale is described here in further detail. 

The schematic shown in figure 23 depicts the current subsystem configuration and should be 
used for reference regarding designation of items on the component list 
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Figure 23. Sabatier reactor subsystem schemat ic 


The Sabatier reactor subsystem (SRS) consists of a catalytic reactor and an HX accompanied by 
the necessary valves and sensors for safe operation. The reactor converts C0 2 and H, to methane (OL) 
and H 2 0 according to the following equation: 4 

C0 2 +4H 2 «*CH 4 +2H 2 0+heat . 


The reactor includes heaters to initiate the reaction, and a forced-air cooling jacket to achieve 
maximum reactant conversion efficiency. The product CH 4 and H 2 0 are cooled in a CHX such that the 
liquid H 2 0 can be separated from the gaseous CH 4 in a phase separator. Valves control the inlet reactant 
and purge gases as well as cooling the H 2 0. Pressure sensors are used on (he inlet gases to detect loss of 
flow. Temperature sensors monitor the reactor and HX; the subsystem controller will shut down the 
system in the event of an overtemperature situation. 

Several of the modifications to the subsystem operation resulted in a number of item changes 
in the schematic. 


4.8.2 Subsystem Refurbishment 

Most of the components of die original Tech-Demo Sabatier were nonfunctional upon receipt 


of the package. 


I woe determined to be 


too expensive to replace with the same component As a means of minimizing cost of the project off- 
the-shelf items were procured and installed into the subsystem. The only items retained in the new 
system die i««or with it, «*od«wJ tem ud temocooptes and tht etocricd interim box. 

Tlie items in table 18 arethe components of the reftobished subsystem. Thble 18 indicates the item 
number per the schematic in Figure 23 and die vendor part number. 
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Table 18. Refurbished Sabatier component part numbers. 


Item No. 

Description 

Vendor 

Vendor Part Number 

CGI 501-1 

Combustible gas sensor 

General Monitors 

SI 04-300-1 01 -101 

CG1501-2 

Combustible gas sensor 

General Monitors 

S104— 300-101— 101 

CGI 502-1 

Combustible gas sensor 

General Monitors 

S104— 300— 1 01—1 01 

CGI 502-2 

Combustible gas sensor 

General Monitors 

S104— 300— 1 01—101 

CHX401 

Condensing heat exchanger 

Exergy, Inc. 

00517-1 

CV001 

Check valve 

Swagelok 

SS-4C-10 

CV101 

Check valve 

Swagelok 

SS-4C-10 

CV201 

Check valve 

Swagelok 

SS-4C-10 

DPI 401 

Delta pressure sensor 

Sensotec 

060-0890-1 5A5D 

FAN501 

Reactor cooling (an 

EG&G Rotron 

036258 

FR201 

Orifice 

Hoke 

1315G4B 

HTR401-1 

Heater 

Watlow 

E6-HX-2A 

HTR401-2 

Heater 

Watlow 

E6-HX-2A 

MV201 

Manual valve 

Swagelok 

SS-1GS4 

PI 001 

Pressure sensor 

Omega 

PX21 3-030-GV 

P1 101 

Pressure sensor 

Omega 

PX213-030-GV 

PI 201 

Pressure sensor 

Omega 

PX213-100-GV 

SMR401 

Sabatier reactor 

Hamilton Standard 

SVSK1 15480 

SVC001 

Normally closed solenoid valve 

Automatic Switch Co. 

EF8262G230, 120/60, H2.25 

SVC101 

Normally closed solenoid valve 

Automatic Switch Co. 

EF8262G230, 120/60, H2.25 

SVC102 

Normally closed solenoid valve 

Automatic Switch Co. 

EF8262G230.1 20/60, H2.25 

SV0201 

Normally open solenoid valve 

Automatic Switch Co. 

EF8262G152, 120/60, N2.30 

SV0301 

Normally open solenoid valve 

Automatic Switch Co. 

EF8262G152, 120/60, N2.30 

T1401-1 

Temperature sensor 

RdF Corp 

26563 

T1401-2 

Temperature sensor 

RdF Corp 

26563 

T1402 

Temperature sensor 

Omega 

PR-1 1-2-1 00-1/8-6-E 

T1403— 1 

Temperature sensor 

Omega 

PR-1 1-Dual-2-1 00-1/8-6-E 

T1403-2 

Temperature sensor 

Omega 

PR-1 1 -Dual-2-1 00-1 /8-6-E 


The combustible gas sensors were unreliable and therefore replaced. The original vendor part 
number was no longer available and was replaced by the part number listed in the table. There are four 
combustible gas sensors in the package: two over the valve area and two over the area where a phase 
separator could potentially be installed, as these are the most likely areas for leaks to develop. One 
of each pair is wired into the controller and displayed on the front panel. The other of each pair is 
haid-wired to cut power to the subsystem if combustible gas is present and the controller fails to recog- 
nize the condition. 

The air-cooled HX was replaced with a liquid-cooled HX. Along with the heat exchanger (HX), 
the fan and air flow switches were removed from the package. Check valves were added to each of the 
gas inlet lines as a safety precaution to prevent back flow to the subsystems feeding the Sabatier. A 
spring force of 68.9 kPa ( 10 psi) was required to ensure that the check valves would close at zero flow 
condition. The original differential pressure sensor was no longer functional and was replaced. The 
replacement differential pressure sensor is designed to be used in a wet gas environment. Since the HX 
cooling fan was removed, a dedicated fan was installed for the reactor cooling function. 

An orifice was installed in the N 2 line so as to restrict the N 2 gas usage in the event of a system 
automatic shutdown or power outage. Since the Sabatier subsystem will likely be run unattended, the 
orifice will prevent uncontrolled N 2 usage. 
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The reactor heaters, each 100-W rod heaters, remain unchanged. Boil heaters are powered at Che 
same time to heat up the reactor. However; in the event of a failure, a single heater element is sufficient 
to maintain proper operation. 


A manual valve was included along with a separate line that bypasses the N 2 solenoid valve 
and check valve. In the event the N 2 valve or check valve fails closed, the manual valve can be opened 
to purge the system prior to maintenance. 

Three pressure sensors were added to the gas inlet lines to check for the presence of reactant 
gases prior to startup and eluting operation. The pressure sensors are tied into the software shutdown 
logic. If the pressure drops too low, an indication of loss of reactants, the system will shut down. 

The Sabatier methanation reactor is the same basic reactor with the modifications to the insula- 
tion and the new catalyst, as discussed in later sections of this report. 

The solenoid valves were not functional and were replaced with off-the-shelf valves. This was 
deemed to be more cost effective than repairing the original valves or replacing the solenoids. The front 
end of the schematic has the same four inlet gas valves as before. An additional shutoff valve was added 
to the cooling H 2 0 supply. 

There are five temperature sensors in the subsystem: two in the hot end of the reactor, one 
between the reactor and the CHX, and two at the exit of the HX. One of die reactor temperature sensors 
and one of the CHX exit temperature sensors are hardwired to shut down the subsystem in the event that 
the controller fails to detect an overtemperature condition. The other three sensors go to the controller 
for monitoring and control and are displayed on the front panel. 

Because of the changes to the CHX and the fact that the manifold valves were no longer usable, 
the frame also had to be replaced. The new subsystem package was designed to accommodate the com- 
ponents with plenty of extra room so that a separator could be included inside the package in the future, 
if desired. 

The reactor was removed from the subsystem package and repacked with improved catalyst. 

The proprietary catalyst was developed by HS and tested in 1997 under an Internal Research and Devel- 
opment (IR&D) program. This catalyst has higher activity than the previous catalyst and is also more 
resistant to caking. Acceptance test results are discussed in more detail later in this report. The reactor 
conversion efficiency of the lean component is 97 percent or better at all conditions tested. 


HS has investigated the reactor insulation requirements previously under IR&D programs. 

The tests showed that the blue light reactor required an additional 6.3 mm (0.2S in.) of insulation in the 
heated end of the reactor to maintain the temperature above ISO °C (300 °F) through the 37-min standby 
cycle. This reactor insulation was modified slightly to improve the heat retention in the hot end of the 
reactor. During cyclic operation, the reactor temperature stays above 220 °C (425 °F) through the dura- 
tion of the standby period. The catalyst can effectively restart the reaction as long as the temperature 
is above 150 °C (300 °F). 
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The air-cooled HX and associated fan and muffler were removed from the package. In place, a 
liquid-cooled HX was installed. The HX has an effectiveness rating of 98 percent from the manufacturer. 
The measured effectiveness achieved during acceptance testing was 95 percent. There is probably a 
certain amount of reheating of the gas stream that occurs, since the gas flow rate is so small and the fluid 
connections are all metal. The HX is a stainless steel (316L) tube-in-tube coil. The Sabatier subsystem 
package has cooling H z O inlet and outlet interfaces on the front panel with a normally open solenoid 
valve to shut off the coolant flow during the OFF mode once the reactor outlet temperature is <65 °C 
(150 °F). 

In addition to adding cyclic operation capability, controller modifications were necessary to 
accommodate the hardware changes detailed above. For example, removal of the HX cooling fan and the 
associated flow switch required modifications in the original control logic. The original software in the 
package, NSC-800, may not be supportable in the future. In light of the extent of required changes, it is 
prudent at this time to change the software platform to one that would have easier upkeep in the future. 
Allen-Bradley was chosen as the new platform since MSFC has experience with them in other applica- 
tions. The controller is an SLC-5/03 with one analog input card and two digital output cards; only one 
of the digital output cards is used at this time. It also has a 1747-KE serial port module which has an 
RS-485 port and an RS-232 port for communications. 

The controller uses ladder logic to control the SRS. It safely takes the system through the steps 
required to transition from one operating mode to another. The controller monitors the analog sensors 
and operates the valves, and heaters when required. The RS-232 port can be used to create an interface 
between the Allen-Bradley controller and a PC. The software packages LAB VIEW and HighwayVIEW 
can be used together to communicate through this port. 

The controller was programmed to allow both standalone and integrated cyclic operation. In 
standalone operation, the controller operates the system in PROCESS for 53 min and in STANDBY 
for 37 min. The standalone cyclic operation is initiated when the system is in PROCESS mode 
and the PROCESS SELECT button is pressed and held for 3 sec. Cyclic mode is also initiated if the 
system is in STANDBY mode and the STANDBY SELECT button is pressed and held for 3 sec. 

4.83 Testing at Hamilton Standard 

The following tests were performed on the SRS to show the performance capability of the major 
components under the expected range of operating conditions. 

The assembled subsystem was proof tested at 30 psig, the maximum pressure allowed for the 
pressure transducers. The subsystem was pressurized and showed no detectable pressure decay over 
24 hr. 


The controller was tested per the SRS acceptance test plan, SVHSER 19376. The controller 
operation was verified by transitioning the control through the various operating modes and checking for 
proper output to effectors. The following transitions were verified: 
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UNPOWERED => OFF 
OFF => STANDBY 
STANDBY =* OFF 
OFF =* PROCESS 
PROCESS =*■ STANDBY 
STANDBY => PROCESS 
PROCESS => OFF. 

Each of the mode transitions was initiated by pressing the corresponding button on the front of 
the user interface panel. Each of die transitions occurre d as expected* During the testing, the code was 
mndififtd to add a slight delay to the opening and closing of the mixed gas valve. This would ensure th at 
the pressure sensors would properly detect gas pressure prior to proceeding to the next step. The accep- 
tance test plan details each of the required steps in the transitions and explains the light-emitting diode 
(LED) indicators on the digital output module of the controller. 

hi addition to checking the mode transitions, all of die safety shutdowns were exercised. Where 
feasible, the out-of-tolerance condition was simulated. For example, for the loss of reactant hazard, the 
shutoff valve on the supply line was closed. In cases such as a high reactor temperature, an electronic 
signal was used to simulate the problem. Each of the safety shutdowns is detailed in the acceptance test 
plan, and is repeated in table 19. The controller properly responded to each situation and safely shut 
down the system. Also, during testing there were a few times when the supply gas bottles emptied during 
unattended operation. In each instance, the controller shut down the system in a safe manner. 


Ifcble 19. Controller shutdowns. 


1 Prm**— 1 

PmMmu 

rramw 

S#RSftf 

Reeding 

onnvtetnm 

pTorilmm 

NO Hz 

P1101 

<2 P8*0 

Turn off Hz supply 

H 2 pressure: Low 

No COz 

PI 001 

<2psig 

Tum off COz supply 

COz pressure: Low 

Bed too cold 

T1401 

<300 °F 

Reduce reactant flow 

Bed temp: Low 

Bed too hot 

T1401-1 

>1,200°F 

Unplug T/C 

Bed temp: High 


T1401-2 

>1,200 °F 

Input 27 mV signal 

Hardwired shutdown 

Flow restriction 

DPI 401 

>5 psid 

Input 3 V signal 

DP: High 

No coolant flow 

T1403-1 

>150 °F 

Shutoff coolant 

HX temp: High 


T1 403-2 

>175 °F 

Input mV signal 

Hardwired shutdown 

Hj leak 

CGI 501-1 

>25% LEL 

Apply calibration 

CG#1:High 


CGI 502-1 


gas to sensors 



CG1501-2 

>25% LEL 

Apply calibration 

Hardwired shutdown 


CGI 502-2 


gas to sensors 


| Purge 1 

Node | 


t 


Itlmeletlon 


No Nz heat-up 

PI 20 

<2 

Shut off Nz supply 

Purge pressure low 

mode 

Heat-up too long 

T1401 

<300 °F 

||a heete# AAiaMT 
HU ilWwf fKTWBI 

Heat-up time exceeded 



for 5 min 

or reactants 



52 



The calculated HX effectiveness is is *» 
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Figure 24. Sabatier operating regime. 
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Table 21. Sabatier reactor subsystem test flow rates. 


H2FI0W 
g/hr (Ib/hr) 

CO2FIOW 
g/hr (Ib/hr) 

Molar 

Ratio 

Notes 

48 (0.11) 

160(0.35) 

6.7 

Maximum H 2 flow 

48(0.11) 

200(0.43) 

5.4 

Max H 2 

48(0.11) 

200(0.43) 

5.4 

Max H 2 

48(0.11) 

310(0.69) 

3.4 

MaxH 2 

48(0.11) 

490(1.1) 

2.2 

Max H 2 

48(0.11) 

260(0.58) 

4.0 

MaxH 2 

48(0.11) 

210(0.47) 

5.0 

MaxH 2 

24 (0.053) 

240 (0.54) 

2.2 

Minimum H 2 flow 

24 (0.085) 

210 (0.47) 

4.0 

Minimum Onflow 


Table 22. Sabatier product gas analysis. 
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3 
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5.3 
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5 

4.0 
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9.2 H 2 

7.2 C0 2 

97.2 

6 

5.0 

C0 2 
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7 

2.2 

h 2 

0 

100 

8 

4.0 

Both 

4.9 H 2 
7.1 CO 2 

98.5 

9 

5.0 

C0 2 

0 

100 





5. COMPUTER MODEL DEVELOPMENT 


5.1 Volatile Removal Assembly 13 

The removal of trace organic contaminants in waste is necessary to meet discharge limits and to 
allow recycling. In spacecraft applications, such as the ISS, complete H2O recycling is necessaiy and 
strict contaminant limits must be m ai nt ai ne d in order to make the recovered wastewater streams potable 
for reuse onboard the ISS. Carbon adsorption and ion exchange can remove a majority of the pollutants 
in such streams. These techniques are incapable of removing a certain category of organic compounds 
that are weakly adsorbing, such as 2-propanol, 1-propanol, ethanol, ami methanol. The alternative 
technique that will be applied to remove this category of weakly adsorbing organic compounds is a 
heterogeneous catalytic wet oxidation reactor system known as the volatile removal assembly (VRA), 
which was designed by NASA to perform this operation. The VRA technology is attractive because of 
its efficient gas-liquid contacting and lower temperatures and pressures than conventional wet oxidation. 

The VRA reactor is a co-current packed column that useMuioachuMiietric excess of gaseous 
oxygen (0 2 ) as the oxidant and a catalyst consisting of platinum metal on an alu mina substrate. In Earth- 
based testing, the VRA is operated in an upflow mode, which makes the liquid phase the continuous 
phase- Due to the absence of buoyancy forces in zero gravity, the gas phase will be moved only n™w 
the influence of the H 2 0*s capillary, surface, and (tog forces; therefore, the actual contacting time of the 
gas and liquid phases may be altered. In order to simulate the reactor prior to flight testing, a model must 
be derived that takes all of the important processes occurring within the model under consideration. The 
model must incorporate mass transfer, contacting patterns, reaction kinetics on the internal catalyst 
surface, and multicomponent catalyst adsorption competition in order to properly predict the reactor’s 
performance. 


The objective of this phase of the project (phase 2) was to develop a model that will adequately 
predict the performance of an upflow multiphase catalytic wet oxidation reactor. A similar model was 
developed during phase 1 of the project. The new models include the following additions: an accounting 
for byproduct formation and subsequent destruction, and an accounting for competitive multicomponent 
adsorption on the catalyst surface via the use of a system of I-angmnir adsorption isotherms. To accom- 
plish this task, two unsteady-state models were derived from the basic principles of material balances for 
two differential reactor sections (a cylindrical differential element of the fixed bed, and a spherical shell 
differential element of a catalyst particle). The two models that were developed are the two-phase pore 
diffusion model with reaction (PDMR2P) and the three-phase pore diffusion model with reaction 
(PDMR3P). The PDMR3P is a super set of the PDMR2P. 

The kinetic data of adsorption and reaction for each parent con taminant was determined experi- 
mentally via the operation of a small-scale differential reactor containing the VRA catalyst. The remain- 
ing model parameters were estimated using correlations. The steady-state effluent concentration predic- 
tions are obtained by running the unsteady-state model for a sufficiently large amount of simulation. 
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5.2 Multifiltratton Beds 16 

A schematic of an MFB is shown in figure 
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Figure 25. Multifiltration bed schematic. 
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Figure 26 . Water recovery system simplified functional schematic. 




The adsorption model was developed to predict the removal of individual target compounds and 
TOC from mixtures of unknown composition. The Active component analysis (FCA) was developed to 
describe the competitive interactions between individually known target compounds and the unknown 
background matrix making up the overall mixture TOC concentration. TOC and known individual target 
compound isotherms were performed on all the adsorbents and used to determine the Active component 
(FC) concentrations. Column studies were performed on all the adsorbents and compared to model 
calculations to obtain intraparticle mass transfer correlations for the wide range of adsorbing contami- 
nants expected in the 1SS waste stream and to verify the Axed bed model. 

The MFB model was designed for the Microsoft Windows™ environment with a graphical user 
interface (GUI) to maximize user friendliness. The Microsoft Windows™ interface was used because of 
its built-in Ale and hardware control features which frees the analyst ftrom concerns over printer drivers 
and other machine issues and allows more attention to the computational algorithms. The GUI consists 
of a front-end shell written in Visual Basic® (Trademark Microsoft Corporation 1981-1995, all rights 
reserved) that calls Formula Translator (FORTRAN) computer program language subroutines in order 
to perform calculations. 

5.2.1 Ion Exchange Modeling 

Ion exchange resins are insoluble matrices containing Axed charged sites which exchange ions 
for aqueous phase ions. The main types of ion exchange resins are natural mineral ion exchangers, 
synthetic inorganic ion exchangers, and synthetic organic ion exchangers. The resins investigated in this 
work are synthetic organic ion exchange resins which include polymer chains crosslinked with 
divinylbenzene (DVB). Fixed ftmctional groups contained within die matrix provide charged exchange 
sites as shown in Agure 27. Ion exchange resins have been compared to a plate of spaghetti (polymer 
chain) cooled to the point of sticking (crosslinking) together. 

The Axed exchange sites can be positively charged (anionic exchange resins), negatively charged 
(cation exc han ge resin), or amphoteric (capable of exchanging both cations and anions, depending on 
pH). Ion exchange resins are grouped by their functional exchange site characteristics. Ion exchange 
resins can be strong or weak: strong acid cation (SAC), weak acid cation (WAC), strong base anion 
(SBA), or weak base anion (WBA). This distinction is based on the functional pH ranges of the resins. 

The total number of exchange sites per unit of resin is the total exchange capacity and is indepen- 
dent of the experimental conditions. The apparent capacity depends on experimental conditions, such as 
pH and solution concentrations, and is usually lower than the total capacity. The capacity of a resin also 
depends on the presaturant ion such as hydrogen (H 2 ) or sodium, since the density is different for each 
form of resin. 

Total resin capacities and physical properties for each of the resins were experimentally deter- 
mined. Fitted apparent capacities were also determined using the binary Langmuir equation. Both the 
total capacities and apparent capacities are comparable to the reported manufacturer s capacities. 

Binary isotherms were performed on SAC (IRN-77), SBA (IRN-78), WBA (IRA-68), mixed- 
bed (IRN-150), and iodinated (microbial check valve (MCV}-RT) ion exchange resins. Separation 
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Figure 27. Schematic of hydrated strong acid cation resin. 


factors/equilibrium exchange constants for IRN-77, IRN-78, and IRA-68 resins were determined from 
die binary isotherms. The separation factors for die IRN-77 and IRN-78 resins were able to describe 
equilibrium for the IRN-1S0 resin by coupling the H 2 O formation reaction with die binary Langmuir 
equilibrium expression for each ion. 

When the separation factors determined from binary isotherms were used, the multicomponent 
Langmuir equilibrium expression predicted six-component isotherm data for the IRN-77 and IRN-78 
resins. The multicomponent predictions were within ®10-percent error for liquid phase predictions and 
*50 percent for solid phase predictions. 

A multicomponent isojfcerm with the IRA-68 resin was conducted to validate the Langmuir 
multicomponent equilibrium description for WBA resins. Hie preliminary model calculations showed 
promising results. However, more multicomponent equilibrium experiments are needed to verify the 
multicomponent Langmuir equilibrium expression for WBA resins. 

The Langmuir multicomponent equilibrium expression was able to predict the ion exchange 
in the ersatz H 2 0 for IRN-77 resin, but overpredicted the amount of ion exchange for the IRN-78 resin. 
The separation factor determined for SCMT could be underpredicted, or fouling of the anionic resin by 
the negatively charged SCMT and organic contaminants may have caused the observed decrease in resin 
capacity. 
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5,2.2 Adsorption Modeling 
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mechanisms incorporated into the PSDM. 

The assumptions and mechanisms that are built into dm model are as follows- 

. Plug-now conditions exist in the bed (axud and radial dispersion are neglected). 

• Hydraulic loading is constant. 

• Single solute adsorption equilibrium is represented by the Freundlich isotherm equation. 

. uea, adsorbed solution dteory incorporating dm Freundlich isodmnn equation desenbes 
the multicomponent adsorption equilibrium. 

and much 

faster than the diffusion rate.) 
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Figure 28. PSDM mechanisms. 
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Single solute isotherm data were available for each of die adsorbates in the ersatz H z O on each 
of the MFB adsorbents. The isotherm data were obtained over a concentration range of **10 fig/ L to 
10 mg/L and described using the Freundlich isotherm equation. The isotherms on the 580-26 and APA 
activated carbons were all linear on a log-log plot and the Freundlich equation fit the data well. The 
single solute isotherm on the XAD-4 resin exhibited some curvature on a log-log plot. For this reason, 
the XAD-4 resin Freundlich parameters were dependent on the concentration range fit. 

The single solute isotherm data for each adsorbent were correlated using the Polanyi theory. 
Polanyi correlations were developed for each adsorbent using the molar volume of the compound 
as the correlating physical parameter, and the compound’s aqueous solubility was used in dete rminin g 
the adsoiption potential. The data were correlated so that Freundlich isotherm parameters for co m pounds 
other than TCE, toluene, m-xylene, 1,2,4-TCB, and naphthalene could be estimated. The error in the 
correlation could possibly be removed by refining the correlation for different compound classes. 

The use of different physical property correlating factors (other than molar volume) could also result 
in a better correlation. 

A TOC isotherm was performed on the actual waste shower and handwash H 2 0 to determine its 
TOC adsorption capacity. The isotherm revealed, as expected, that the waste shower and handwash H 2 0 
was a multicomponent mixture with a nonadsorbing TOC fraction. Unfortunately, this was the only 
isotherm data obtained for the actual waste shower and handwash H 2 0. 

Isotherms were performed on each of the adsorbents using die ersatz H 2 0. The isotherms were 
analyzed for TOC and the individual constituents of the H 2 0. The FCA was applied to this isotherm da ta 
to determine the TOC and tracer FC for each adsorbent. The FC’s woe determined from fi tting the 
isotherm data in a manner which would facilitate beds in series modeling of the different adsorbents. 

The FCA was able to accurately fit the TOC isotherms for each of the adsorbents. This indicated that the 
TOC FC used in ideal adsorbed solution theory (LAST) calculations accurately simulated the TOC 
adsoiption capacity of the ersatz H 2 0. 

The FCA was also able to fit the tracer isotherms well for each of the adsorbents. The tracer 
FC’s were tested in IAST calculations to see if the equilibrium of the other ersatz H 2 0 constituents 
could be predicted based on the tracer fit. The results indicated that as the adsorbability of the compound 
increased, the accuracy of the model prediction to the data decreased. The model generally did a good 
job of predicting the equilibrium for TCE, toluene, and m-xylene. The equilibrium description consis- 
tently overpredicted the reduction in capacity for 1,2,4-TCB, naphthalene, and SCMT in the system. The 
reduction in capacity for naphthalene and 1,2,4-TCB was demonstrated by the adsorption of a weaker 
adsorbing tracer. The stronger adsorbing compounds were already represented by the FC’s. Therefore, 
model overprediction is likely. The reduction in capacity for SCMT was overpredicted because SCMT 
made up such a large percentage of the overall TOC of the mixture. A component must make up a small 
amount of the TOC in the mixture because its adsorption potential is already accounted for by the FC. 

The fits and predictions were more accurate for the XAD-4 resin than for either of the activated carbons. 

Column experiments were performed on each of the adsorbents using the ersatz H 2 0. The break- 
through curves for each of the known ersatz H 2 0 constituents were fit on a single solute basis using the 
PSDM to determine the optimum fluid residence time in the packed bed and the surface to pore diffusion 
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flux ratio (SPDFR) for each compound. The fitting results were used to develop correlations for predic- 
tion of fluid residence time in the packed bed ami SPDFR for other target compounds on each adsorbent. 
The results indicated that pore diffusion was the controlling mass transfer mechanism for both 580-26 
and APA GAC’s. Surface diffusion was «5 times more important than pore diffusion in describing the 
mass transfer for the XAD-4 resin. The mass transfer parameter correlations were used to predict the 
mass transfer parameters for the FC A. 

The TOG FC’s were used in the PSDM to predict the TOC breakthrough from each of the 
adsorption columns. The results indicated that the model slightly oveipredicted the capacity of the 
columns for TOC adsorption. The model calculations involved using the six TOC FC’s determined 
from fitting the TOC isotherms in fixed-bed calculations. 

The tracers PC’s were used in the PSDM with the known constituents of the ersatz HjO to 

predict breakthrough of those compounds. The model calculations used the target compound and the five 
tracer PC’s determined from fitting the tracer isotherms in fixed-bed calculations. The results were then 
compared to the experimental data to test the model. The model predictions were best for the weak to 
moderate adsorbing compounds. As the strength of the adsorbing compound increased, the accuracy of 
the PSDM prediction consistently decreased. This is due to the mass transfer parameters and tracer FC 
used in the system. The mass transfer parameters and tracer FC could be tuned to better predict the 
breakthrough of the stronger compounds. 

One fxpe""**"* was performed using a series of adsorbents and ion exchange resins set up in the 
same configuration as the actual MFB design. This experiment was also performed with the ersatz H 2 0. 
The breakthrough of TOC and target compounds from the verification MFB was predicted with the 
fixed-bed model and compared to the breakthrough data. The model predicted the TOC breakthrough 
slightly before the experimental data, and did a good job predicting the SCMT breakthrough. The break- 
through prediction began slightly after the data but was steeper than the data, indicating that the mass 
transfer parameters used for die SCMT could use some fine tuning to get a better prediction. The model 
predicted TCE br eakthr ough occurred »15 percent earlier than die data. The error appears to be due to 
the mass transfer parameters. The predicted breakthrough of toluene is significantiy later than the experi- 
mental data. However, it is difficult to determine if the error is due to mass transfer parameters of capac- 
ity since only part of the curve was observed during the experiment. The error in the MFB verification 
column predictions may have occurred since die SCMT was held up for some time period in the ion 
exchange resins but it was not held up in the experiments where the mass transfer parameter correlations 
were determined. This error could be corrected by tuning the mass transfer parameters for this situation. 
These results have shown that the FC A used in conjunction with the PSDM can predict breakthrough of 
both TOC and target compounds from the MFB. However, this verification was only on ersatz H 2 0. 


6. SUBSYSTEM AND INTEGRATED TESTING 


6.1 Integrated Air Revitalization Test 17 ' 18 

Testing of the ISS U.S. Laboratory baseline configuration of the Atmosphere Revitalization 
Subsystem (ARS) by MSFC has been conducted as part of the ECLSS design and development program. 
This testing addressed specific questions with respect to the control and performance of the baseline 
ARS subassemblies in the ISS U.S. Laboratory configuration. The test used pressurized 0 2 injection, a 
mass spectrometric major constituent analyzer (MCA), a 4BMS CDRA, and a trace contaminant control 
subassembly (TCCS) to maintain the atmospheric composition in a sealed chamber within ISS specifica- 
tions. Human metabolic processes for a crew of four are simulated according to projected ISS mission 
timelines. 

The integrated atmosphere revitalization test (IART) builds upon previous integrated ECLSS 
testing conducted at MSFC between 1987 and 1992. The IART is designed to address ARS control and 
performance issues that are peculiar to the ISS. These issues resulted from the ISS ECLSS configuration 
development, design requirement changes since 1992, and the increased maturity of each ARS 
subassembly’s design. IART test objectives, facility design, pretest analyses, test and control require- 
ments, and test results are presented. 

In order to determine whether the U.S. Segment ARS can adequately achieve ISS requirements, 
the phase 5 IART was conducted. Primary objectives for the test woe the following: 

1 . Demonstrate integrated ARS operation under remote automatic control 

2. Provide performance data on 0 2 and C0 2 partial pressure (ppC0 2 ) control for a crew of four 

3. Demonstrate automated 0 2 partial pressure control using the MCA signal as control input 
to an 0 2 injector 

4. Demonstrate cyclic operation of the OGA and CDRA on a day/night orbital cycle 
to accommodate ISS power allocations 

5. Demonstrate OGA performance using reclaimed H 2 0 from ISS WP testing 

6. Determine the MCA H 2 0 vapor measurement accuracy through a remote sample deliveiy 

system. 

These objectives addressed specific issues associated with the operation and control of the 
baseline U.S. Laboratory ARS configuration and its capability to achieve ISS prog ram requirements. 
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It should be noted that they do not investigate trace chemical contaminant control. Based upon 
the complexity of such a test, TCCS performance is being conducted as a follow-up to the IART. Objec- 
tives for the contaminant injection test include investigating die effects of humidity, temperature, 
and the control assist provided by the CDRA and the THC subsystem. 

6.1.1 Test Configuration 

6.1X1 Tfest farfHty description. The phase 5 IART was conducted in the core module simulator 
(CMS). The CMS is a 175-m 3 (6,180-ft 3 ) sealed chamber that provides a closed working volume and 
connections to facility power, data, and consumable resources. 

Facility support hardware is provided to simulate human metabolic production of H z O vapor 
and CO* human metabolic consumption of 0 2 , and space vacuum. Facility THC are provided inside the 
CMS to maintain the temperature and humidity conditions within ISS specifications. Additional facility 
gas analysis capability is provided by a GC and an infrared (IR) C0 2 analyzer. These instruments are 
to not only provide a continuing verification for MCA results but also to study the CDRA 
process in detail. 

The ARS hardware is mounted inside the CMS with control and data acquisition provided from 
remote workstations located in the control room. The MCA, gas chromatograph, and IR C0 2 analyzer 
are mounted externally to the CMS. Figure 29 shows the arrangement of the IART test hardware. 
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Figure 29. CMS hardware layout. 



6.1.1.2 Atmosphere revitalization subsystem test configuration. During the test, facility- 
provided hardware removes 0 2 and H 2 0 vapor from the CMS atmosphere. Temperature is also con- 
trolled by facility hardware. H 2 0 vapor and C0 2 are injected into the THC subsystem according to rates 
projected by ISS crew activity timelines. The CDRA inlet interfaces with the facility temperature and 
THC. Air processed by the CDRA exhausts into the THC upstream of the HX. The TCCS inlet interfaces 
directly with the CMS atmosphere and its exhaust combines with the CDRA exhaust before it is returned 
to the THC. Air samples are pumped to the externally mounted MCA and exhausted back into the CMS 
to minimize gas losses. The signal from the MCA is conditioned and sent to the OGA or 0 2 injection 
control valve. Humidity condensate is collected and used in the metabolic simulator. Additional chamber 
air samples are collected and analyzed using grab sampling and an inline GC and a C0 2 analyzer. 

6.1.2 Test Operations S umma ry 

Integrated testing began on March 12, 1996, and continued until April 18. During this time, 
a cumulative total of 30 days of operation with two periods of uninterrupted operation was obtained. 

The first uninterrupted period lasted 7 days (March 22 through 29) while the second period continued 
for a 12-day duration (March 30 through April 12). An additional 4 days of testing was conducted on the 
MCA to investigate its response to transient humidity changes in the chamber. All testing was completed 
on April 18. 

6.1.2.1 Subassembly performance. Overall, the ARS operated smoothly with no major sub- 
assembly anomalies. The MCA experienced a single shutdown on March 21 due to a high electrical 
current to its ion pump. This shutdown was traced to a failed delay circuit that was not flight-like and, 
therefore, not necessaiy for conducting the test. The circuit was bypassed and the MCA operated with 
no problems for the remainder of the test. 

The CDRA experienced two anomalies. The first occurred on March 21 and caused the unit to 
shut down. The cause for the shutdown was traced to an airflow selector valve that was not in the proper 
position. The CDRA was restarted and the problem did not repeat during the remainder of the test. It is 
thought that a facility power surge or voltage decay may have caused an inadequate current to the valve 
resulting in its improper positioning. The second anomaly occurred on April 3 when one of the sorbent 
bed heaters did not receive electrical power for »3 hr. This problem corrected itself and no explanation 
could be found. The CDRA sorbent beds are to be refurbished following the test. Attention will be given 
to possible electrical shorts and other potential causes for this problem. 

6.1.22 Facility performance. Facility anomalies accounted for the majority of problems 
encountered during the test. Most facility-related anomalies were minor and were corrected quickly. The 
first anomaly occurred on March 16 when the facility electrical power failed. This caused the entire test 
facility to shut down temporarily. About 1.5 hr of processing time was lost before the test was restarted. 

Facility-provided gas monitors were responsible for several interruptions in the metabolic simu- 
lation program. During calibration of the GC, communication errors with the host computer caused the 
metabolic simulation program to shut down. These shutdowns had no impact to the test other than 
a brief interruption of the metabolic simulation. The program was quickly restarted in each case. On one 
occasion, however, this problem caused die H 2 0 injection tank to completely empty. As a result, the test 
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chamber had to be opened on March 30 to prime the injection pump. This caused an interruption in the 
consecutive uninterrupted test days; however, it could be argued that entering the chamber was no 
greater impact to the test than a pressure relief event, since the 0 2 and ppC0 2 control was not affected. 

The test dumber was also opened on March 13 and March 16 to make other repairs to the H 2 0 
injection system. On March 13, the Hp injection system pump Med. It was found that a metering 
valve was set too tightly and became blocked with debris. The valve was opened wider and control 
parameters were reset. After the facility power failure on Mach 10, H 2 0 injection system setpoints 
for die injection tank scale had to be reset. The test chamber was entered to reset the scale setpoints 
and connect it to an uninterruptable power supply to prevent a recurrence. In both instances, 0 2 and 
ppC0 2 control was not affected. 


The final test facility anomaly occurred on April 8 when the daily rate erf 0 2 injection into the 
chamber began to decline from its normal 3 to 4 kg/day (7 to 9 lbm/day) to 0.7 kg/day (1.5 lbm/day). 
At die same time, the N, injection rate increased. Analysis of the test data indicated that total pressure 

control had lost its assist torn the 0 2 injection system. A possible cause for this was 0 2 removal sub- 

- - - * ■ “ J!J — * - L — e; however. 



an analy sis oi the gag compomuou UVW wo auiwwmwi; WWW.- - « — ■— r * 

and 25.1 percent 0 2 . The normal outlet gas composition for this device is 99 percent 0 2 and 1 percent 
N,; therefore, it was confirmed that the unit had failed. Since die 0 2 removal unit failure occurred near 
the* aid of the test and it did not effect the operations of the MCA, the test was not shut down to repair it. 


Ove rall t es t assessment. The IART had the fewest problems of any integrated test 
conducted. With very few exceptions, the test facility operated flawlessly, allowing a very accurate 
assessment of the ARS’s ability to assist in controlling total pressure, 0 2 partial pressure, and ppC0 2 , 
using 755- specified operating conditions. 


6.13 Discussion of Results 

6.13.1 Carbon partial pressure control. The CDRA-provided ppC0 2 control through- 

out the test in the range of 333 Pa (2.5 mm Hg) to 467 Pa (3.5 mm Hg). This control range is well below 
the ISS 24-hr allowable of 706.6 Pa (5.3 mm Hg). Figure 30 shows a typical ppC0 2 profile based upon 
the MCA C0 2 response. This response was shown to compare favorably with facility-provided instru- 
mentation during the course of the test. Similar responses were obtained for 0 2 and H 2 0 vapor during 
the test. 

The ppC0 2 remained within this range during the entire test except for a period of time on 
April 3, coinciding with the sorbent bed heater malfunction. During this time, the partial pressure rose 
to »507 Pa (3.8 mm Hg). Once the heater began functioning normally again, the ppC0 2 was reduced 

to <467 Pa (3.5 mm Hg). 

During the test, the CDRA performance was monitored for potential H 2 0 breakthrough of the desic- 
cant beds. This was a concern because of the lower regeneration temperature and shorter one-half cyce 
time used for the test. No evidence of H 2 0 breakthrough was observed during the test. The sorbent bed 
heater malfunction did give the appearance of H 2 0 breakthrough. However; once the heater began 
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6.1.4 Conclusions 


Conclusions dawn from the individual subassembly checkout and the integrated ARS testing 
are as follows: 

j The ODRA can achieve C0 2 control specifications while cycling the desorption heaters 
in a day/night power cycle. 

1 The CDRA power-saving mode with a heater temperature setpoint of 121 °C provides 
subsranL^we^s while noting C0 2 removal s^ificadons for inj^on rams mated. 

3. Oxygen partial pressure can be successfully controlled using the signal from the MCA 
as input to an 0 2 supply source. 

4. The signal output provided by the MCA is very stable and is suitable for use in atmospheric 
composition control onboard the ISS* 

5. The MCA H 2 0 vapor measurement is not sensitive to sample line length and is capable 
of accurately tracking humidity upsets in the ISS cabin. 

6.2 Contaminant Injection Tbs* 19 

Trace contaminant control onboard the ISS will be accomplished nm only by ^J^talalso 
Hv nther F.CLSS subassembUes. These additional removal routes include absorption by humidity con- 
dLsate in th^TOC CHE and adsorption by the CDRA. The trace contaminant injection test, winch was 
perftamed aT MSFC LnNoveraber and December 1997, investigmed the sy*em-levd renunri of some 
^ spacecraft trace contaminants by these ISS systems and subsystem. It is a follow-on 
IART conducted in 1996 (sec. 6.1 of this report). 

in the closed environment of a spacecraft such as the ISS, trace contaminant buiktop is a major 
m rontaminants are venerated by equipment offgassing, human metabolic processes, and the 

STJhe 2ms if no. amoved, will build up in thecabmannosptere 
!*L__ to health risk to the crew. TheTCCS was designed to remove trace contaminants 

CD^A r™c wdl also amtribute 

r£^t ‘rr^Tlbe test ifa^ilow-on to the IART cooducted in 

1996. 

Thera me numeraus contaminanu which may be found within the ISS cabin. The TCIT would be 

far too complex if all the possible contaminants were WklW be “* 

were chosen to represent the most common Wes expected. They are the following. 


• Methane— A common metabolic byproduct, and a very difficult molecule to oxidize 

• Ammonia— Another common metabolic byproduct, and an extremely H 2 0-soluble chemical 

• Carbon monoxide— A minor metabolic byproduct, a biological poison, and a common 
byproduct of incomplete combustion processes 

• Carbon dioxide— The most abundant metabolic byproduct, and the target of CDRA operation 

• Dichloromethane — A common solvent used in fabrication and the electronics industry, 
a typical offgas contaminant, and a relatively polar chemical 

• m-Xylene — A common solvent used in fabrication and the electronics industry, a typical offgas 
contaminant and a very stable aromatic chemical 

• Acetone— A common solvent used in fabrication and the electronics industry, a typical offgas 
contaminant and a relatively nonpolar chemical 

• Me than ol — A common solvent used in fabrication and the electronics industry, a typical offgas 
contaminant, and a highly H 2 0-soluble chemical. 

The contaminants were injected into a test chamber at rates expected to provide equilibrium 
concentrations near the spacecraft maximum allowable concentration (SMAC) as determined by pretest 
analysis. The injection rates are summarized in table 23. 


Table 23. Contaminant injection rates. 


Contaminant 

Rato 

Contaminant 

Rato 

Acetone 

Dichloromethane 

Methanol 

m-Xylene 

23.63 //L/min 
1.92 /rL/min 
9.39 //L/mln 
32.46 //L/min 

Carbon monoxide 

Methane 

Ammonia 

0.61 mL/min 
8.59 mL/min 
49.2 mL/min 


H 2 0, N 2 , C0 2 , and 0 2 were injected by a metabolic simulator. N 2 , 0 2 , and C0 2 were maintained 
in the test chamber, at typical atmospheric levels, and H 2 0 at 50-percent relative humidity. The trace 
contaminant concentrations were then monitored at various points within the test chamber via a sample 

delivery system. 

6.2.1 Test Configuration 

6.2.1.1 Test facility overview. The CMS served as the test chamber for the TCIT. The CMS 
is a large, cylindrical SS vessel outfitted with facility test equipment. A door at one end of the CMS can 
be sealed, giving a nearly air-tight volume. 
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The TCCS, CDRA, and THC were integrated inside the CMS while the MCA was located 
outside. Instrumentation and equipment for gas analysis, gas sample collection, contaminant injection, 
and facility control are also a part of the CMS. Figure 35 provides an overview of the hardware architec- 
tore for the TCTT. The following discussion summarizes the major test equipment used during the TCTT. 



Figure 35. TCIT configuration. 


62.12 TCCS overview. The TCCS, shown schematically in figure 36, utilizes phosphoric acid 
impregnated granular activated C 2 , a high-temperature oxidation catalyst (0.5-percent palladium on 
3.175-mm alumina pellets), and granular lithium hydroxide (LiOH) sorbent beds for con tamin ant 
removal. The primary oxidation byproducts rue C0 2 and H 2 0. 

Trace contaminant-laden air enters tire TCCS from the cabin atmosphere and through the acti- 
vated C 2 bed at 15.29 m 3 /hr (9 scfrn). A portion of this air stream, 4.59 m 3 /hr (2.7 scfrn), is diverted to 
the catalytic oxidizer and the LiOH bed. Contaminants are oxidized at 400 °C (750 °F) within the cata- 
lyst bed and acidic byproducts are removed in the LiOH bed. 


62.13 CDRA overview. The CDRA, shown schematically in figure 37, removes excess C0 2 
from the cabin atmosphere. Air enters the CDRA at 50.97 m 3 /hr (30 scfrn) through a m olecular sieve/ 
silica gel desiccant bed. This bed removes all moisture from the air stream before it enters the C0 2 
sorbent bed. The C0 2 sorbent bed consists of zeolite 5 A molecular sieves, which removes C0 2 from the 
dry air stream. After being stripped of C0 2 , the air stream passes through a moisture-laden de s ic c ant bed 
which was loaded in a previous CDRA cycle. The dry air is saturated with moisture, and the now wet 
C0 2 -frcc air, passes back into the ISS cabin via die THC duct network, which circulates at 737 m 3 /hr 
(434 scfrn). Hus all takes place while a second sorbent bed is being heated and exposed to a vacuum 
removing previously loaded C0 2 . Tire C0 2 released is either stored in a pressurized vessel for recycling, 
or dumped to space vacuum. The system then flips cycle, and the process is repeated on the opposite 
pairs of sorbent and desiccant beds. Cooling H z O to the CDRA circulates at 1 19. 1 kg/hr (262 lb/hr) 
at a temperature of 15.1 °C (59.2 °F). 
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Figure 36. Trace contaminant control subassembly. 
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6.2.1.4 Temperature aad humidity control overview. The THC controls the ISS cabin tem- 
perature and humidity through the use of a CHX. During the test, cabin relative humidity was main- 
tained at 50 percent This provided enough moisture to maintain a steady condensate stream from the 
CHX without overloading the system. Temperature was m ai n tain e d at *25 °C (77 °F). 

f.2.1 .5 C ontaminant (rejection system. A system was developed for injecting conta m i n a nt s 
in to the TCIT test chamber. There were two basic systems connected to a common manifold: the solvent 
injector and the gas injector units. Air circulates freon die test chamber, through the manifold, and back 
to the chamber at 25.48 m 3 /hr (15 scfm). The manifold is held at 65 °C (149 °F) to ensure rapid vapor- 
ization of injected contaminants. 

The solvent injector assembly includes four programmable syringe pumps, syringes, solenoid 
switching valves, and con taminan t reservoirs, as shown in figure 38. When a syringe injects to its limit, 
die unit automati cally cycles into the withdraw mode. When this happens, the solenoid valve switches 
from syringe pump-test bed plumbing to syringe pump-contaminant reservoir plumbing. This allows the 
p»mp to pull fresh chemicals from the reservoir and refill the syringe. The solenoid valve then switches 
again, and die freshly loaded syringe injects into die test bed. This process is repeated for the test dura- 
tion. Liquid co ntaminan t injection rates are listed in table 23. 

The gas injector assembly shown in figure 38 is simpler than the solvent injector. Replaceable 
Kag« are fill*** with the co ntaminan t gases. A programmable peristaltic pump is used to meter the gases 
from the bags into the test bed at the appropriate rate. When the bags are nearly empty, they are switched 
out by test personnel, utilizing quick-disconnect fittings. Gas contaminant injection rates are listed 
in table 23. 

Within the CMS arctwo 10-port manifold valves, used to select the point from which a sample 
is to be collected within the CMS/test chamber. One 10-port valve was used for the distribution of GC 
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Figure 38. Contaminant injector assembly. 


samples, and the other for distribution of ammonia analyzer samples. Sample collection points 
were the following: 

• TCCS outlet (duct) 

• TCCS oxidizer outlet 

• CDRA outlet 

• Rearchamber 

• Mid chamber 

• Front chamber 

• CHX outlet. 

The MCA has an individual sample distribution manifold which is built into the unit. This allows 
the MCA to draw samples from the following points: 

• CHX outlet 

• Front chamber 

• Mid chamber 

• Rearchamber 

• TCCS outlet (duct) 

• CDRA outlet. 
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Additional samples were collected manually from theCDRA accumulator tank to check for trace 
c ontaminan ts in the product C0 2 . The samples were collected into Tfeflon® sample bags and prepared 
for anal ysis. These samples were analyzed by GC and with a dedicated ammonia analyzer. 

&2.1.6 Analytical me thods . Several techniques were utilized in analyzing TCTT samples, 
including in-line analysis of trace contaminants by GC, in-line analysis of major constituents in the air 
by the MCA, and ammo nia analysis with a dedicated analyzer. Humidity condensate samples collected 
from the CHX were partially analyzed on site and sent to an i nd e pe n d ent, certified laboratory for metha- 
nol, volatile, and alkalinity analyses. 

Solvents in the air were analyzed with a Hewlett Packard (HP) 5890 Series n GC equipped with 
an HP 624/75 m/ 0.534 mm Megabore capillary column, and a flame ionization detector (FID). The 
method parameters utilized were the following: 


• Injector temperature: 250 °C (482 °F) 

• Detector temperature: 225 °C (437 °F) 

• Oven temperature: 30 °C (86 °F) 

• Hold time: 6 min 

• Rate 1: 10 °C/min 

• Final temperature 1: 145 °C (293 °F) 

• Final time: 0 min 

• Rate 2: 20 °C/min 

• Final temperature 2: 225 °C (437 °F) 

• Final time 2: 0 min 

• Inlet A pressure: 137.9 kPa (20 psi) 

• Inlet B pressure: 137.9 kPa (20 psi) 

• Carrier gas: Helium at 15 mL/min 

• Detector: FID. 

Samples were collected on Ifcnax/Caibotrap mixed resin tubes for 5-15 min at a flow rate 
of 30 mL/min . Samples were desorbed for 10 min at 400 °C (752 °F) and a helium carrier flow rate 
of «15 mL/min. Desorption was accomplished with a thermal desorption (ballistic heating) injector 
assembly. This unit desorbed the sample direcdy onto the analytical column without the use of cryogenic 
trapping. Detection limits and SMAC concentrations are summarized in table 24. 


Table 24. Liquid contaminant detection limits. 


PWW 

DttectiM Limit 
(M**) 

160-OeySMAC 

(PP«i) 

Methanol 

5 

7 

Acetone 

5 

22 

Otchloromethane 

2 

3 

m-Xylene 

5 

SO 


Note: Contaminants were measured to an air mstrix. Reliable 
rasults haw ton obtained below the detection limit, but due 
to limited tanting, tits method could not be fully developed 
to give certified limits below those reported above. 
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(to contaminants, other than ammonia, 

for solvent analysis, but with a second column an yti pro ^ ^ Detection 

was a SS, 60/80 mesh Supelco Carboxen 000 £ie niediod parameters utilized were the 

was accomplished by a thermal conductivity detector (TCD). The metnoa p 

following: 


• Injector temperature: 150 °C (302 °F) 

• Detector temperature: 200 °C (392 °F) 

• Oven temperature: 35 °C (95 F) 

• Hold time: 7 min 

• Rate 1 : 20 °C (68 °F) per minute 

• Final temperature 1: 170 °C (338 F) 

• Final time: 0 min 

• Valve open: 50 sec 

• Valve closed: 9 min 

• Inl et A pressure: 137.9 kPa (20 psi) 

• Inlet B pressure: 137.9 kPa (20 psi) 

• Carrier gas: Helium at 30 mL/min 

• Detector: TCD 

• TCD sensitivity: High. 




Table 25. Gaseous contaminant detection limits. 



Detection Limit 

180 -Day SMAC 

Contaminant 

(ppm*) 

(PP®») 

Methane 

5 

5,300 

50 

Carbon monoxide 

5 


Note. Contaminants were measured in an air matrix. 


Ammonia was analyzed by a Pioneer 

drawn from the test bed, through the dctector an w ith the gaseous contami- 

limit of 1.5 ppm v , well below the ammonia 180-day SMAC ot iu ppm v 

nants, ammonia was measured in an air matrix. 

Humidity condensate samp.es were cU^« 0« ***£ 

All samples were bandied in compliance ^Q^^J^ntudddt'cowre^uch 0 ^ 1 " 

"n pS, Zn oS procedures, and stomge/shipping recrements. 
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Table 26. 


analysis me thods. 


CMM 

Datectton Limit 

MM 

Methanol 

Acetone 

DfchJoromethane 

m-Xytene 

Ammonia 

AJkaJinity 

6.0 mg/L 
6.9 ng/L 
0.36 wj/L 
0.19 wj/L 
0.03 mg/L 
U&m&L 

ERA 8015 
ERA 624 
ERA 624 
I ERA 624 
ERA 350.3 
ERA 31 0.1 


■tote EM nmiiod*--**# additional sources. 


6JU.1 


To 


tnition in the lest chamber, an initial contaminant loading c ^T tdnaat «w»- 

quantity of contaminants was rapidly injected into th* „u„ 111 **“• I* 04 ****®, a known 

equipment were operating during the initial loading The chamber N °if *** contaminant removal 
««e before begmning continuous ^ * «— <o stealy 


of gas loading by pumping a known quanlity 

“ a bellows-type assembly with Teflon*-wetted parts. PaCI<y ’ anlUyUciU ‘ grade P um P- The pump 

“hon was accoutred throu^"tte useof^h^d^^flf coUec «' on hag. Quantifi- 

were loaded into the bag using tptic^sconnec, Mags, and 

a .otowuX^p^ 


a. test - "«* 

levels. These bags were replaced as necessary with full holdingbags. ^ "“‘“"“•eat supply 

dons. T *“ <“* <* anomalous condo 

were easily removed, and involved little downtime. 00111118 *" ** so,vent ,n i cction train. These bubbles 

two sets of samples dtTng *“ d * y ' 1 W caU 5'- 

at the lower concentration point first, fofiowedlwhLer -r nrmim ^ ^ 8 ' S * alple * werc ““e«ed 
or technic* problems arese. SS *“ 
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6.2.3 Discussion of Results 


“isc chamber concentrations summarU ed in table 27. 
Table 27. TCIT injection rates and concentrations. 




Inioctlon 

Chambor 



Roto 

Concentration 


Compound 

(mg/hr) 

(mg/fo*) 


Acetone 

1,118.5 

39.0 

* 

Carbon monoxide 

48.4 

9.1 


Dichloromethane 

156.8 

5.4 

1 

Methanol 

445.9 

26.6 

i 

m-Xylene 

2,916.0 

87.7 

| 

Methane 

374.7 

68.9 

( 

Ammonia 

2,455.4 

8.9 


Analysis of atmospheric samples c ollecte d ofte’S^e percentage 

in addition to the analysis of humidity con e , . ^ v which was determined to be 

lated. These percentages are summarized m table 28. 

Table 28. Contaminant removal by device. 


Compound 

OvBrall Contaminant Removal (%)| 

CDRA 

TCCS 

CHX 

LEAK 

Acetone 

Carbon monoxide 

Dichloromethane 

Methanol 

m-Xylene 

Methane 

Ammonia 

42.1 
0 

52.9 

62.4 

54.2 
0 

22.1 

56.2 

99.2 

47.0 

25.0 

45.7 

99.1 

22.8 

1.6 

0 

0.02 

12.4 

0.003 

0 

55.0 

0.1 

0.8 

0.1 

0.2 

0.1 

0.9 

0.06 


. , OQ . rn1l a anf i the CHX provide a substantial assist to me iu* 

As shown in table 28, the CDRA and J mnsohere The role of atmospheric leakage is 

removing trace contaminants from a ‘ VJ “J^i for the entire CH, and CO load because 

very small by comparison. Overal , P TCCS ide comparable control for most other 

of its catalyse ™ da " H bl ^ controlled by tire CDRA. The CHX 

^"^c^^tnbution. mainly for ammonia and low molecular weigh, polar 




X 

compounds. 



6*2.4 Conclusions 


fee following conclusions can be made: 
<m° l *mina«8 a^^^c. aS *' StaDCC *** < ~ DRA ^ ^ or trace 

• The primay compounds removed bytheCHXtue ammonia and H 2 0-soluble compounds. 

.Udon^^^SCT ‘ hMP,i00 ^ ^ "emy. Law 

• The TCCS is the primary removal means for CH 4 and CO. 

becomc’i^X:" b T C DRA is cyclic and can decrease over time as the sorbent beds 
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Flight Unit TVace Contaminant Control Subassembly Ifest 20 


process simulation model. This model serves as fee VaIid ^ ion °f a computerized TCC 

orto m mitigate dm rWc associated with STISfication 

previously obteineddevelt^mr^toMo^ fS 2* *!^ anchor bo * Ore Proeess model and 
previ-es relevant tacggnZS^ ^ T"* 

sss.'S-rsrr'r 

*“ »fc wid, me TCCS |HW« *?*“ 

slrate its validation. ^ 1,1 me U J> - Hab TCCS test results to demon- 

(HTCOWr^l^LwiTtl^r " Ch>rc0al tad ’ * high-temperature ctmdytic oxidiaer 
^^^^^dptocess flow ^hematicof 

duough^^^rr; s “J:“T rr re by “* * 

low molecular weight contaminants such as CH* Hj.^STZ^y'T^O^ "“ l * 
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The HTCO includes three primary parts: a recuperative HX, anelecmc heaferiand a catalyst lad. 
It is designed to provide a high, single-pass CH 4 oxidation efficiency. Tire HX assembly prebeate te an- 
as it entered* HTCO. Further heating is provided by the heater element Final air heating occ urs"* ^ 
catalyst bed via radiation, conduction, and liberation of the heat of reaction from the oxidized containi- 

rants. 

Hie LiOH bed, located downstream of the HTCO, removes any acidic oxidation products that 
may be produced in the event that halocaibons break through the charcoal bed. 

Hie blower and flow meter maintain a steady flow rate through the system that is sufficient to 

maintain individual trace contaminant concentrations »* low “ Ut 

passed through the charcoal bed while only a portion flows through the HTCO and LiOH bed. The spht 
flow combines downstream of the LiOH bed before exhausting from the TCCS. Three sample ports are 
provided at the charcoal bed inlet, charcoal bed outlet, and the LiOH bed outlet. 


Hie ISS program chose to verify TCCS performance via analysis using the TCCS Computer 
Program (TCCS-CP) version 8.1 developed by Lockheed Missiles ami Space Company, ^ 
accroach while less expensive, deviates from the traditional approach of verification by testing. There- 
forejTomtains an element of risk even though the process model has been validated against integrated 

TCCS development testing data. 

lb address the perceived risk of this approach, the TCCS performaiKc ccmf^on t^ mvrr^ 

was defined. The TPCT was designed to provide the necessary data lhat would farther validate the 

TCCS-CP, supplement the existing TCCS lest database, and tie the process model s validation and 
previous development test results to flight hardware performance. 

Although the TPCT is not a formal part of the TCCS design verification process, the data < rol- 
lecred during its conduct serve the important function of minimizing the perceived risk associated with 
har dware verification by analysis. 

The TPCT was designed to confirm the ability of the ISSV.S. Hab TCCS flight unit to control 
a specified contamination load at representative cabin environmental conditions. Specific objectives 
of die TPCT are: 

1. To challenge the TCCS with a trace contaminant load representative of the ISS to confirm 
performance. 

2. To obtain contaminant concentration versus time data for use in process model validation. 

3. To compare the perfoimance of the TCCS flight unit with performance observed during 
development tests. 

In order to properly confirm the U.S. Hab TCCS performance, the trace contaminant load and 
test volume atmospheric conditions must be defined. The« pai^ters are die test d^ffa. 

The test volume atmosphere was required to be maintained between 18 C(65 F) and 27 C(80 F). 
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. , . c/yj.c nercent To prevent inward leakage of laboratory atmosphere 

" “J.T, vdumTUre be maintained at a minimum of 3 mm 

Hg over the prevailing barometric pressure. 

To achieve the primary test objectives, a trace 

dons was defined. Tins load is based. >P°n i^meuboUc loading is based upon 

craft hardware and Are metabohc prodncnon of5.25 cre^emb^ .Tbenre ^ ^ 

four people plus a 1.25 human metabo c equi injection rates derived from 

ratesused to determine the test inject™ rates »^mt*le»^«U«b ^ ^ ^ (0 , 

that the 1 TCCS provides ^percent remove efficiency. 

The final test injection rates are listed in table 30. 

Table 29. ISS equipment offgassing and metabolic 


ic rates. 


Compound 


Ethanol 
Methanol 
2-Propanol 
n-Butanol 
Toluene 
Xylene 

Chlorobenzene 
Dichloromethane 
1 ,1 ,2-Trichloro-1 ,2,2 
trifluoroethane 
Trichlorofluoromethane 
Methane 
Acetone 
2-Butanone 
4-Methyl-2-pentanone 
Cyclohexanone 
Carbon monoxide 
Ammonia 


Equipment 

Rato 

(mg/kg-day) 

Metabolic 

Rate 

(mg/man-day) 

7.85 x HT 8 

4 

1.27x10“® 

1.5 

3.99 x10“® 

0 

4.71 x10“® 

1.33 

1.98 xKT 3 

0 

3.67 xKT 3 

0 

1.54x10“® 

0 

2.15 xior® 

0 

1.89 xIO* 2 

0 

1.41 xKT 3 

0 

6.39 xIO" 4 

160 

3.62 xIOT® 

02 

6.01 x 10“® 

0 

1.41x10“® 

0 

6.62 x 10" 4 

0 

2.03 x 10“® 

23 

8.46 xIOT 6 

321 


85 



Ifeble 30. Performance test contaminant injection rates. 


W9ffl|WWINI 

fimp 

fnlortlna 

NfMQH 

Rato 

{»0/to) 

Ethanol* 

Methanol 

2-Propanol 

n-Butanol 

Toluene 

Xylene 

Chlorobenzene | 

DicMoromathane* 

1,1 ,2-TricWoro-l ,2,2- 
trifluoroethane* 
Trichlorofluoromethane 
Methane* 

Acetone* 

2-Butanone 
4-Methyl-2-pentanone 
Cyclohexanone 
Cartxm monoxide* 
Ammonje* 

2,000 

9 

ISO 

40 

60 

220 

46 

10 

400 

560 
3,800 
50 
30 
140 
60 
10 
... 7 

25.4 

4.3 

12.5 

15.0 
6.2 

11.5 
4.8 
6.7 

I 59.1 

4.4 

37.0 

11.4 
16.8 

4.4 
2.1 

11.4 

70.5 


C0mp0Bn *^ oomprWno63p«tert 
of the /SS specification toad. 


TOteS^for^ H° n !LT POUndS liSted “ ^ 29 ’ l ™ !thano1 

*“J ,SS desi^ip^ifi^don' ^5S ta to"*'” ° f *!* 

analysis system to be used during the TPCT. geable for in ' llne ^ sample 


m n .» m A ^ 8 ISS P erfonnailce specifications, the TCCS must maintain each individual 
contaminant s concentration below 90 percent of its resoective SMAr Jt" ,. 

of SMAC’s for the test compounds. ^ 30 8180 includes • listing 


6*3.1 Test Configuration 


The following summary provides a brief description of the TPCT facility the W™*;™ 

S~*sa:ssa ‘^=S5r 

63.L1 FacBlly description. The Three Contaminant Cont^ 

Sfcn >1* C Llfe ^ ienCeS Technolo «y C^ter (LSTC) was used for conducting tte TPCT 
ihty was previously used to test a flight-qualifiable Russian Mir TCCS (sec. 6.4). 
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The test facility includes: a rack to control system atmospheric temperature, humidity, and 
chemical contaminant injection; a 9 m 3 SS mixing chamber; an i n-line G C/mass spectrometer (M ) 
with a preconcentrator; and an in-line Fourier transform infrared (FITR) spectrometer. These major 
components are interconnected by 5.1 cm (2-in.) electropolished SS tubmgto create a clo se d^r loop. 
The components were configured as shown in figure 41. The flight unit TCCS is mounted m its own 
transportation fixture, and connected to the closed air loop via approved adapters. 



Figure 41. Simplified test facility layout. 


The TCCS receives air from the system after it has been conditioned for temperature, humidity, 
and contaminant load. After processing by the TCCS, the air is directed back to the mixing volume. 
The entire system is a closed loop. 


The test system is monitored for air flow, temperature, pressure, relative humidity, and contami- 
nant load. Four sample ports are used to monitor the chemical compositionof the 
ports are located at the TCCS inlet, downstream of the activated charcoal bed, downstream of the LiOH 

bed, and at the TCCS exhaust. 

63.12 Contami nant injection. Both gaseous and liquid phase chemical contaminants were 
injected into the test chamber atmosphere during TCCS performance testing. The following discussion 
provides a summary of each of the three methods employed during the test. 
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Methane and CO gases were supplied from separate pressurized bottles containing the following 
certified percentages of each con tamin ant: 

• 0.01 percent CH 4 /balance N 2 

* Carbon monoxide/balance air. 

Methane and CO injection was controlled by individual mass flow controllers with n pshra nn pressure 
regulation. 

Liquid contaminants were injected as a single mixture. A syringe pump was programmed to 
pump the liquid mixture from a 10- mL glass vial to an injection port located on a heated bypass tube. 
TTie contaminants immediately evaporated upon injection and air flowing through the bypass tube swept 
them into the mixing chamber. The air from the mixing tank was then directed to the TCCS The liquid 
contaminant vials were replaced daily, from Monthly through Friday, to provide fresh stock solution 
during the data-gathering phase of the test 

Ammonia was injected continuously by a KIN-TEK model 585-C precision gas standard gen- 
erator. This unit dispensed a stable flow of pure ammonia directly into the mixing chamber. The perme- 
ation tube was refilled periodically to maintain a constant ammonia injection rate for the duration of the 
data collection period. 

63.1.3 Analytical methods. Atmospheric sampling and analysis methods used during the test 
are the following: 

• Automated sample collection followed by analysis, using in-line GC/MS and FTIR instruments 

• In-line sample collection using gas detector tubes 

• Sample collection into evacuated cylinders followed by off-line analysis by GC/MS 

and GC instruments. ' ' 

The in-line GC/MS system included an HP5890 series fl GC and an HP 4972 MS system. 

The GC/MS was preceded by an Entech model 7000 preconcentrator. The automated GC/MS system 
collected and analyzed one sample pa* hour. 

The FTIR system was a MIDAC Model 12001 containing a 20-m constant volume gas cell that 
utilized a 0.5-cm mercury-cadmium-telluride detector. The FTIR scan time per sample was =3 min. 

The FTIR, like the GC/MS system, was completely automated. 

Additional in-line analysis for ammonia and CO was conducted as needed, using detector tubes 
manufactured by Drager. This technique was used to verify concentration order of magni tude only. 

Grab samples were collected periodically using evacuated cylinders to check in-line analysis 
results. These samples were analyzed off line using several techniques, including GC/MS, GC combined 
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with an FID for CH 4 analysis, ami GC corned with either a TCD or a heUum ionization M. 
for CO analysis. 

used during flight hardware acceptance testing was used. 

To simulate the function of the .evel ^ TOnWl^dTCCS 

configuration, a Sorensen power supply provided ‘ an application generator (AG) 

mectranical and electric* I inte^iv. TCCS animated dis- 

632 Pretest Performance Analysis 

A pretest TCCS performanee ^f^^deT^efimhta^^^or* 

model. This analysis served to tomidthe “£* observed during the test could be compared. A brief 
^^^tfaX^app^td results is provided in the Mlowing di^ussiou. 

632.1 Pretest analysis icess and simulation 

The first, called variables search, was used to > c harcoaUoading were investigated using 

variables. Those variables that most directly ^^nificant variables were found 

this technique. Based upon the vanables^ch ^, ^“" umidity> 
to be contaminant liquid molar volume, TCCS flow rate, ana 

A final set of performance simulations ™ 

design (DOE/RD) techniques. The set of sm “ laUo ^ { * ^ contaminant’s concentration, 

63.2.2 Predicted pretestpcrformm.ee. 

it was predicted that mettanol, JJ^i^kthrough was predicted as early as 9 hr and as late 

^^'^ntofiretwt^Dichloromediane observetfa^etri^ 

sissssss— 

Salyli? 95-percent confidence inmrval are summanzed » table 31. 
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TfcMe 31. Pretest performance prediction s ummar y, 


- r _ J 

■ — - ■ 

nViCM 

Nflmlnai 

BwfWflW 

Level 

Ethanol 

Methanol 

2-Propanof 

n-Butanol 

Toluene 

Xylene 

Chlorobenzene 
Dichloromethane 
1,1J2-Trichtoro-1,2 > 2- 
Wfluoroethane 
TricMorofluoromeOiane 
Methane 
Acetone 
2-Butanone 
4 Methyt>2-pentanone 
tycwnexanone 
Carbon monoxide 
Ammonia 

1 .4-2.1 
0.78-1.17 
0.68-1.01 
0.82-122 
0.34-0.50 
0.62-0.83 
0.26-029 
0.37-0.55 

32-4.8 

0.24-0.36 

7.1- 10.5 
0.62-0.92 

1J-15 

0.24-026 

0.11-0.17 

2.1- 3.1 
3.8-S.7 

1.7 

0.94 

021 

026 

0.41 

0.75 

022 

0.44 

3.9 

029 

6.4 
0.74 
12 
029 
0.14 

2.5 

4.6 


*33.1 Ifcst volume leakage. The system volume is - 


(<0.5 lb/day). After the TCC* tcaRa * e was ^mamed at 0.23 kg/dav 

measured by pressure decay was found to be“ 13*6 ^g^tcd system leakage a 


interaction of the test contanwf^ih the^m^s^f 6 baC ^° Und conta mination level and the 
highly important in conducting a test of this comidend to *» 

relationship to test bias are provided in the following summary. * ° P th “ understandin g and its 


as a quantitative value, the total background^foLd total 5 m^3*ff ^ eteClio,1 Iimits 


were 


M..22 mgte 3. The maximum allowable ^ck^ound "* 

surfaces of the test rig w uc^.' a ^ >iptio11 by ^ intemal 
contaminants into the test chamber and monitori^^ concenL^fr ^ ^ ** 
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The liquid phase ecu— -« - 

older to emulate the injection process to be used g ^ discKtQ amount of ammonia was con- 

CO were injected continuously torn concentrations are based on the con- 
tinuously injected as a gas via the permeation tuta. The p« ^ *„,&**» concentrations 

taminant mass injected and known S J' S *^ V0 . j associated 95 - percent uncertainties using 

n^t^^^nfbi^s^^^etwt^n^^s^t^^ * e observed crmoentrations from their respec- 

tive target values. 

A wide range of system biases was ^ CrCCnt 

there was no observed system adsorption. 

^ssssssssssissssssr^ 

. ■ tK<* TrCS was installed on line and was purged with 

Prior to the start of contaminant injection, the ^ d d t valve positions 

TOC grade air. This was done to establish nominal functionality of the test amci 

for flow rate through the unit. 

63.4 Test Operations Summary 

The TPCT began on January 19, 1998. TheTCCS ^^ontinu^y 
completed on February 14, 1998. The owdl “ Si “^rations during the TPCT are provided 
^^"scuXT^rief assessment of the overall TPCT operations is also provukd. 

63.4.1 TCCS operations. 

™°:z:z: « — rage to tire flow merer by adjusting tire blower speed. 

63.4.2 Facility operations. ^^^\1Tger«:“ti^t“.« 
within the required conditions, summarized in table 32. The average test 

• Air temperature: 22.5 °C (72.5 °F) 

• Relative humidity: 50.4 percent 

• System pressure: 760 mm Hg. 

Test operations anomal.es were very lew - 

liquid contaminant injection system was e ”8‘ , e j t was replaced with minimal impact 

«L ammonia pmmeation mbe dned up »— it was found to be injecting 
to the test operation. Adjustments were reqmred to the CO injection at 
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as ^T yMem * total •"■—■* ta* 
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Tld)le 32. Required versus observed lest co ndit ion s. 


p^m 

^ 

•■■wum 

Temperature 
Pressure 
Relative humidity 

18.J-26.7n; {65-80 °F) 
750-786 mm Hg 
25-70 Percent 

21.6-23 °C (71-73 °F) 
1 751-780 mm Hg 

49-53 Percent 


Ihble 33. Contaminant loading summary. 


Compound 

IPtal 

(*l) 

Mmiu|e 

Rais 

(«n|/*r) 

Ethanol 

Methanol 

2-Propanol 

n-ButamX 

Toluene 

Xylene 

Chlorobenzene 

Dichloromethane 

1,1,2-Trlchloro-1 ,2,2-trifluoroethane 

Trich lorofl uoromethane 

Methane 

Acetone 

2-Butanone 

4-Methyf-2-pentanone 

Cyclohexanone 

Carbon monoxide 

Ammonia 

15.444.5 

2.615.7 

7.602.9 

9.133.2 

3.775.3 

7.004.9 

2.931.8 

4.073.7 

35.938.4 

2.692.8 

23.082.3 

6.928.4 

11.425.4 

2.687.7 
1,279.1 

5.858.8 
41.525.9 

24.8 

4.2 

12.2 
14.6 

6.0 

11.2 

4.7 

6.5 

57.6 

4.3 

37.0 

11.1 
18.3 

4.3 

2.0 

9.4 
66.5 


63A3 


W “ ^ K “ a,^ZL 
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6.3.5 Discussion of Results 

During the test, the TCCS trace contaminant removal performance was, in general, as expected 
and was found to be consistent with past TCCS test results. The following discussion summarizes the 
observed performance for trace contaminant removal. Specific attention is given to the key TCCS design 
drivers and those contaminants that broke through the charcoal bed. 

6. 3 .5. 1 Con taminan ts of interest. Key contaminants of interest for the test included methanol, 
dichloromethane, ammonia, CO, and CH 4 . Methanol was also of interest because of its potential for 
charcoal bed breakthrough early in the test. Dichloromethane was also of interest because of its potential 
for charcoal bed breakthrough in addition to its role as a TCCS design driver. Also of interest was the 
increase in CH 4 concentration that can result from catalyst poisoning as dichloromethane breaks through 
the charcoal bed. Ammonia and CO were considered key solely because they are TCCS design drivers. 

63.5.2 Process performance. During the test, methanol was the first contaminant to break 
through the charcoal bed. This breakthrough is shown in figure 42. Late in the test, dichloromethane 
began to break through the charcoal bed as shown in figure 43. Dichloromethane breakthrough was still 
in progress at the test’s conclusion. The test duration was not sufficient to observe any additional con- 
taminant breakthrough of the charcoal bed; therefore, all the other contaminants were maintained at 
steady concentrations as shown in table 34. This performance was consistent with a 100-percent single- 
pass removal efficiency. 



Figure 42. Methanol concentration trend. 
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Figure 43. Dichloromethane concentration trend. 


Table 34. Observed liquid contaminant concentrations. 


Ctmpouml 

Concentration (ii|An*) 

Obeervid 

Predicted 

Ethanol 

2.250 ±200 

1 ,580 +1 75/— 1 40 

Trichorotrifluoroethane 

3,530 ±710 

3,670 +410/-330 

Trichtorofluoromethane 

300 ±50 

270 +30/— 25 

Propanone 

700 ±40 

710 +80/— 65 

Propanol 

870 ±90 

780 +90/— 70 

Butanone 

1,100 ±90 

1,170+130/— 110 

Butanol 

910 ±70 

930+110/— 80 

Xylene 

610 ±50 

715 +80/— 65 

4-Methyl-2-perrtanone 

225 ±20 

270 +30/-25 

Toluene 

320 ±30 

390 +40/— 35 

Chlorobenzene 

250 ±20 

300+35/-30 

Cyclohexanone 

110 ±10 

130+15/— 10 


Figure 44 shows die TCCS’s performance for ammo nia removal. Ammonia was controlled to 
between 4 and 5 mg/m 3 . This result demonstrated 100-percent removal by the phosphoric acid-treated 
charcoal bed during the entire test. No ammonia breakthrough was observed. 
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Figure 44. Ammonia concentration. 


Methane was controlled to *13 mg/m 3 for the duration of test. Both samples collected at the 
TCCS inlet and just downstream of the charcoal bed (port 2) agreed well. This agreement demonstrated 
that CH 4 is not removed by the activated charcoal. The CH 4 concentration at the overall TCCS outlet 
(port 4) was consistently near 1 1 mg/m 3 while the concentration downstream of the HTCO (port 3) 
was consistently near 6 mg/m 3 . A mass balance for CH 4 , based upon these results, indicated a 
55-percent CH 4 oxidation efficiency for the duration of the test. As shown in figure 45, the concentration 
began to increase at approximately the time that dichloromethane breakthrough of the charcoal bed was 
observed. 

The oxidation efficiency for CO was 100 percent for the duration of the test. As shown in 
figure 46, the concentration was controlled to *1 .2 mg/m 3 during the first 250 hr of testing and then 
to *2.5 mg/m 3 for the remainder of the test. The low concentration early in the test was caused by a 
lower than required injection rate. This test facility anomaly was corrected and the injection was 
increased to within specification for the remainder of the test. 

The only observed process-related anomaly involved CH 4 . During the entire test, the. oxidation 
efficiency provided by the HTCO was *55 percent. Two hypotheses have been proposed for this perfor- 
mance. The first is that the catalyst settled and allowed a portion of the air to bypass it. Because the 
HTCO design is kinetically limited with respect to the CH 4 oxidation reaction, a small amount of air 
bypassing the catalyst could effectively reduce the reactor’s residence time and, thus, lead to decreased 

efficiency. 
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He second possibility is also related to the kinetic limitation. It involves masking of ^ecataiyst 
surface Inspection rfTCCS drawings indicated that Dow Coming DC 1 1 1 silicone been used 

ZTsmSt couplings located ietween the charcoal bed outlet and the HTCOmlet. Offgassmg of 
oreanosilicone compounds from this grease could have resulted in the formation of silica upon then 
silica haHn extremely high melting point and, once produced, would immediately 

surface. Such a p^cess would effectively mask or decrease die overall catalyst surface 

area leading to degraded CH 4 oxidation efficiency. 

It should be noted that CO oxidation remained at 100-percent efficiency throughout the test. 
Since this reaction is diffusion limited rather than kinetically limited, it is quite possible for eitheraflow 
bypass or catalyst surface area reduction to have tittle measurable effect on the CO oxidation reaction. 

Final determination of the root cause for the degraded CH 4 oxidation performance will be inves- 
tigated before the TCCS is deployed on orbit. Despite this condition, the TCCS still has sufficient design 
margin to maintain the CH 4 concentration well below SMAC. 

63.5.3 Comparison to model predictions. As stated earlier, one of the test objectives was to 
obtain data for process model validation. Central to this validation is the direct comparison of observed 
and predicted contaminant concentrations. A comparison of the observed and predicted concentra ons 
for the liquid contanunants is provided in table 35* 

As noted earlier, there were no breakthrough trends observed during the test, wWchwas consis- 
tent with 100-percent single-pass removal predicted by the TCCS proce^m^lfor eachrfffi^ 
compounds. As such, a single test chamber average concentration describes the TCCS performance 


Table 35. Russian normal contaminant load, maximum allowable concentration. 


Trace 

Contaminant 

Maximum 

Allowable 

Concentration 

(mg/m 3 ) 

Amount ol Trace 
Contaminants Loaded 
(Not Loss Than) 
(mg/day) 

Comments 

Isopropyl-benzene 

Toluene 

Cyclohexane 

Ethylacetate 

Benzene 

Butanol 

Acetone 

Ethanol 

Ethylene glycol 

Methanol 

Formaldehyde 

Acetaldehyde 

Nitrogen dioxide 

Ammonia 

Carbon monoxide 

Methane 

Hydrogen 

0.5 

2.0 

3.0 

4.0 

2.0 
0.8 
1.0 

10.0 

(100.0) 

1.0 

0.3 

1.0 

0.3 

1.0 

5.0 

0.5 vol % 
0.5 vol % 

50 

66 

200 

250 

0.45 

80 

27 

250 

(50) 

3.0 

10 

24 

13.5 

20 

390 

30 

1,200 (L/day) a 

Total of 300 mg/day added 
Not added— Ethanol added instead 


a-fhe hydrogen loading was adjusted for the volume of the test system (-9 m3) not to exceed the MAC. 



for removing these exp ounds, AH observed c on ta min an t eoacentiiaioiis were found to be statistic a lly 
consistent with thepr£j£cted concentration confidence intervals, except for ethanol. The analytical 
instrument used to provide this result is biased high. The alternate analytical instrument gave an observa- 
tion which was biasedfow (below projected concentration). As such, it was assumed that the high 
ethanol concentration fes no physical significance in terms of ethanol removal during the test period. 

Both CO and dpmoma concentrations were reliably predicted by die process model. Both were 
consistent with 100-percent removal efficiency by the HTCO and charcoal bed, respectively. 

Ip 

Predicting metgpnol and dichloromethane concentration as they break through the charcoal bed 
was considered to be most significant challenge to process model validation. As shown in figures 42 
and 43, both methanolfnd dichloromethane breakthrough trends were reliably predicted. At the same 
time, the CHj concentphon trend during the time of dichloromethane breakthrou gh, shown in figure 45, 


These results ap similar to those documented in reference 22. In that case and in die case of the 
TPCT, the process mojgl predicted contaminant concentrations within an acceptable sta tistical range. 
Based upon the comp^pon of predicted and observed concentrations for the TPCT combined with their 
similarity to previous ppdadon study results, the process model is considered to provide highly reliable 


63.6 Conclusions 


Based upon thefbsults of the TPCT, the following conclusions can be made: 

• The TCCS design provides trace contaminant control for the load specified by the ISS 
program. 


• Flight hardware performance is similar to that observed during previous development testing. 

• The TCCS dctjigii is robust and provides sufficient margin to accommodate lower 
than expected HTCO CjJ^ oxidation performance without app roaching the SMAC. 

• The process model is a reliable tool for predicting TCCS performance over time. 

The ISS U.S. Hah Module TCCS was challenged with a representative trace contaminant load 
for 624 hr. During this jfipe, methanol and dichloromethane broke through the activated charcoal bed. 
The approximate time (^breakthrough for each contaminant was consistent with pretest process model 
predictions. In parallel with dichloromethane breakthrough, die CH 4 concentration began to rise as a 
result of catalyst pmsoi^g, indicating a gradual poisoning of the CU 4 oxidation reaction by dichloro- 
methane’s oxidation presets. This effect is consistent with previous observations during TCCS develop- 
ment and bench-scale testing. 

Overall, the TCCS operated flawlessly. There were no mechanical or control anomalies noted 
for the flight hardware. Bach trace chemical contaminant was controlled to less than its respective 
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SMAC and performance was consistent with earlier TCCS development testing. One exception was a 
lower than expected CH 4 oxidation efficiency provided by the HTCO during the entire test. Hypotheses 
have been prepared to explain this observation. Final determination of die root cause is to be 
during posttest evaluation of the hardware. In spite of this performance deficiency, CH a never ap- 
proached its SMAC. 


6.4 Russian Trace Contaminant Control Test 23 24 

A filter assembly which is incorporated into the Russian trace con taminate control assembly 
(TCCA) was tested for removal of airborne trace chemical contaminants in a closed-loop 9 m 3 system. 
This test was conducted in the Boeing Huntsville LSTC. 

The TCCA used on board the Mir Space Station has been in operation since April 1987. The 
TCCA, shown in figure 47, is composed of six primary components: a fan, a nonregenerable activated 
carbon canister (prefilters), two regenerative activated carbon canisters (fine filters), an ambient tempera- 
ture catalyst canister, and a valve assembly. The TCCA processes 15-25 m 3 /hr of cabin air, nominally 
20 m 3 /hr. 3 


Regenerative 
Activated 
Carbon 
Canister ■ 


Expendable 




Figure 47. Mir trace contaminant control assembly. 
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The nonregenerablc charcoal prefilter weighs 6 kg, is 22.5-cm long, and 20 cm in diameter. Air 
flows radially through -1.3 kg of activated charcoal and is designed to remove organic contaminants 
with molecular weight greater than »80. It serves to protect the regenerable filters from fouling with 
contaminants that are difficult to desorb from the charcoal. 

The total TCCA air flow from prefilter is then spUt equally between the two regenerable filters. 
These axial-flow filters are designed to remove contaminants of lower molecular weight (<80). These 
filters each weigh «16 kg each, have a length of 29.5 cm, and a diameter of 25 cm. Each filter contains 
«1.4 kg of activated charcoal. Each of these canisters also contains four heater elements and three 
resistive temperature devises.(RTD’s) for thermal-vacuum regeneration every 20 operational days. 

Downstream of the regenerable filters, the air streams recombine and flow through a radial flow 
n mfrfont temper ature catalyst filter, designed to oxidize CO and Hj- It has a length of 23.5 cm and a 
diameter of 12 cm. The catalyst filter’s overall weight is 2.5 kg of which 0.5 kg is accounted for by the 

catalyst. 

The Russian TCCA was designed to remove trace chemical conta m i n a n ts from the Mir Space 
Station atmosphere at the rates specified in table 35. At these rates, the maximum allowable concentra- 
tions, also listed in table 35, were not to be exceeded. 


64.1 Test Configuration 

In 1996 Boeing conducted a system level test with a filter assembly which is currently used 
on the Mir Space Station. This assembly includes the following components: 


A prefilter element containing activated charcoal for removal of high molecular weight 


organics (<80). 


• Two regenerable fine-filter canisters containing activated charcoal for lower molecular weight 
organic removal, heater elements, and RTD’s. 


• An ambient temperature catalytic filter element for primarily removing CO and H 2 . 

These filter components were incorporated into a nominal 9-m 3 , closed-air loop ground test 
facility which emulated die Mir filter assembly operation. The filters were configured as shown in 
figure 48. The filters were then tested with a multicontaminant load from January 29 to April 25, 1996, 
under contract to MSFC. The goal of the test was to verify that the filter assembly would remove air- 
borne chemical contaminants at specified daily loading rates and maintain concentrations to below 

Russian MAC’S. 

The Russian MAC and contaminant injection rates used for this test are given in table 35. All 
were injected continuously to creite a multicontaminant system air loading which would 
simulate an on-orbit cabin air environment Ethylene glycol was not injected for this test due to technical 
difficulties in obtaining gas-phase concentration of 100 mg/m 3 of ethylene glycol at ambient tempera- 
tures. The amount of ethanol injected daily was increased by the amount expected for ethylene glycol. 
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Figure 48. TCCA and sampling port schematic. 


II contaminants, except H 2 , 

" n oTf^r^ — such as me O, genemtor assembly. Methane 

as injected as part of the normal continuous contaminant load. 

During rilis ms, air flow ram was controlled Jo 21-£ f 
nTm L of w » C4.5-16.5i psia). At dtese toting conditions, ail Russmn 
perating requirements were met. 

6 411 Facility description. The trace contaminant control test facility 
.. . * A t}L TC ca rack- a rack to control system air temperature, humidity, and to inject trace 
rhich hou ^theTC k, in-line GC/MS. These major components were mter- 

ontaminants (TCL rack), a v m aa mur, „ npn ts were configured as shown m 

onnected by 2-in. SS tubing to create *£ loop (TO.) 

i pure 49 The TCCA rack receives air from the thermal control T n thp TCCA rack 

^Twhich has been conditioned for temperature, humidity, and contaminant load. In the TCCA ra , 
he air is directed back to the TCL rack in a closed loop. 
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Figure 49. Test facility layout 


Hie TCCA system w air monitored for flow, temperature, humidity, and contaminant load 

Stitt* porat “jr* tcca ^ ju8t <*“ “> ^ i-®*- ^et t£ chem!!^^ 

’’"V' WUCh “ ‘° UaMd with tomimentrton. As sho£n to 
ngure 48, the TCCA rack contains six sample pons, used to sample around todividual filter elements. 

reguLatiotumd assemW >' provided P re “ UI ' 

filter nerfnrmsnoe testing. D uring nTITTTT” 5 Uae<1 - ConlamiMnl loadin g d “™8 

mto the air volume tort As a follow-on to nominal testing, Hj ’was iniettorfTTTTuTpITge 

TTaHT “T 00 ”’ nt Wae suppUed frM'Pnssunaed bottles containing a edified 
percentage of the contaminant in air as listed below: 5 


• 0.295%±0.004 ammonia/b alanc e air 

• 4.0%±0.80 CQ/balance air 

• 0.515%±0.010CH4/baIanceair 

• 0* 145X10.003 N 2 dioxide/balance air 

• 0.199%±0.004 acetaldehyde/balance N 2 . 


k- ^ * ases * a * continuously at varying rates into the system air at the TCL rack 

to achieve the required daily system mass loading specified to table 35. 

Liquid contaminants were injected as two different mixtures at the TCL rack Hie first was 

TTTTTTTTr f “ hyde - ■"•****•* '-**"*■ and aceuTTZnd 

Syringe pumps woe programmed* to to£ttthe fi^nSTTs tomh^Iby^'mb^ whOT 5^“ 
system air swept the evaporated contaminants to the air mixing volume. The air from the mixing volum 
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was then directed to the TCCA rack for filtration. Liquid contaminants were injected once every 4 hr, 
and the concentration pulses monitored hourly by automated in-line GCVMS. 

6.4.I.3 Analytical methods. Sampling methods used during the test are the following: 

• Automated in-line sample acquisition 

• Sorbent tube collection 

• Sample collection into pressurized cylinders. 

In-line detection was performed with GC/MS for most organic trace contaminants, flame 
ionization detection, and TCD for H 2 analysis. Sorbent tubes were used primarily to analyze off hne 
for butanol, methanol, formaldehyde, and ammonia. Carbon monoxide samples were collected in pres- 
surized cylinders for off-line analysis by GCYTCD. All other contaminants were primarily analyzed by 
GC/MS automatically on an hourly basis. 

6.4.2 Test Operations Summary 

Fine filters regeneration was conducted during the system test similar to the regeneration sched- 
ule used on Mir Space Station, where one of the fine filters is regenerated every 20 days while die 
TCCA air flow is directed to the fine filter not undergoing regeneration. During regeneration, the hlter 
is continually exposed to space vacuum. After the filter is exposed to space wcuum for 60 n. pw> 
is applied to internal filter heater elements to raise the filter temperature to 1 80-200 C for 1 .5 hr. 
filters continue to be exposed to space vacuum for an additional 2 hr. Vacuum is then disconnected an 
the filter is allowed to cool down to <45 C C. A bleed valve then opens, allowing the filter to be repressur- 
ized to cabin air pressure, and the filter is brought back on line. 

During this test, both fine filters were regenerated simultaneously prior to the start of the testing 
and then at the end of the first performance test period. The initial regeneration was to establish a test 
baseline prior to the start of test. The second regeneration was to baseline the fine filters for testing 
of the assembly after accelerated aging of the prefilter, as discussed below. 

Nominal performance testing was conducted in two phases. The first phase was a 20-day Perfor- 
mance test period where the system air contaminants were injected at the rates in table 35 and the filter 
elements were new. These data provided a new filter assembly performance baseline. 

Prior to the start of the second 20-day performance period, the age of the prefilter was acceler- 
ated to =80 percent of its expected 3-yr design life. This was accomplished by loading the prefilter over 
a 15-day period with isopropylbenzene, toluene, cyclohexane, and benzene with the amounts indicated 
in table 36. During this period, air flow did not go through the fine filters or catalytic filter. These con- 
taminants were chosen since the prefilter preferentially adsorbs them over the other chosen test contami- 
nants. The filter was then allowed to equilibrate by circulating system air over the next 5 days without 
con tamina nt injections. 

The second performance period was conducted identically to the first after reinstalling the fine 
filter and the catalytic filter. 
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Table 36. Summary of trace contaminant loading during test. 


I 


6.4.3 Discussion of Results 

Table 36 summarizes the masses of contaminants which were loaded during the two performance 
and interim preload phases of testing. The four gas-phase contaminants listed were injected at a stead y 
rate, and the liquid-phase contaminants by pulse injection every 4 hr. Nitrogen dioxide (N0 2 ) was also 
injected, 639.7 mg during phase 1 and 73.4 mg (hiring phase 2. Due to some difficulty with die analyti- 
cal method, results for removing NQ 2 from the system air are not discussed in this paper. However, it is 
important to note that N0 2 was a part of the multicontaminant background. Methane injection is shown 
in table 36. No significant adsorption of CH 4 was detected during either test phase which could not 
largely be accounted for through test rig leakage. Some temporary adsorption (1 percent) was detected 
early in phase 1 while filters were largely unloaded, as shown in figure 50. Methane was displaced, 
however, by other contaminants which had greater thermodynamic potential for adsorption. 

tabl 35 * n 811 of P hases > contaminant concentrations did not exceed the Russian MAC’S in 

hyde, ammonia, and CO. Acetaldehyde was injected at two different rates during the 20-day, phase 1 test 
period. The 0.02 mg/min rate was a nominal 24-hr/day continuous rate. During this rate of injection in 
phase 1, acetaldehyde concentration in die tank was 0.06—0.08 mg/m 3 , which is 10 times less than MAC. 
An acetaldehyde injection rate 8 times greater than that specified in table 35 (0. 13 mg/min) was 
employed for 3 days, resulting in a small increase in system concentration. However, the acetaldehyde 
tank concentration remained at one-half the MAC. During the 20-day, phase 2 test period only the 0.02 
mg/min acetaldehyde continuous injection rate was used. Some breakthrough was observed (0.05 to 
0.14 mg/m 3 ); however, the concentration remained well below the acetaldehyde maximum allowable 
concentration of 1 mg/m 3 . 


CMtamiMHri 

29-Day 
Phase 1 

(in) 

294ay 

Preload* 

(0fli) 

29-Day 
Phase 2 
(•m) 

26-Osy 

Target 

(g*) 

Acetaldehyde* 

0.57 

— 

0.47 

0.48 

Ammonia* 

0.47 

- 

0.42 

0.40 

Acetone 

0.55 

- 

0.54 

0.54 

Benzene 

0.03 

0.040 

0.009 

0.009 

Butanol 

1.61 

- 

1.59 

1.60 

Isopropyl-benzene 

1.02 

43.3 

0.998 

1.00 

Toluene 

1.35 

57.3 

1.32 

1.32 

Cyclohexane 

4.00 

137.3 

3.91 

4.00 

Ethanol 

6.03 

- 

5.89 

6.00 

Methanol 

0.075 

- 

0.057 

0.060 

Ethytacetata 

4.99 

- 

4.91 

5.00 

Formaldehyde 

0.20 

- 

0.20 

0.20 

Carbon monoxide 

8.35 

- 

7.91 

7J0 

Methane 

0.64 

- 

31.0 

0.60 


a The preload phase was designed to accelerate the age of die pnfatar 
to an -80 percent of its 3-yr design Hie with selected components. 

b The oas-phas« contaminants were Injected in a steady rate manner 
but with varying levels. 
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Figure 50. Methane concentration during phase 1. 


Table 37. Gas phase contaminant removal performance. 



Russian 

MAC 

(mg/m 3 ) 

Phase 

Injection 
Rate* 
(mg/m in.) 

System 

Concentration 3 

(mg/m 3 ) 

Error 

Detection 

Limit 

(mg/m 3 ) 

Acetaldehyde 

1 

1 

0.02 

0.06-0.08 

±0.01 

0.028 

Acetaldehyde 

1 

1 

0.13 

0.36-0.42 

±0.03 

0.028 

Acetaldehyde 

1 

2 

0.02 

0.05-0.14 

±0.01 

0.006 

Ammonia 

1 

1/2 

0.02-0.08 

0.12 

±0.04 

0.01-0.03 

Carbon monoxide 

5 

1/2 

1.14-1.55 

2.4 

±0.8 

1.0 


’Gas phase contaminant injection rate 

b Sample collection by sorbent tube (analysis by GC/MS). 


Ammonia was injected at various rates (0.02-0.08 mg/min) during both phases 1 and 2. 

There was little sensitivity of system concentration to injection rate; therefore, the analytical results 
were treated as a single group. Based on samples taken before and after each filter element, ammonia 
removal efficiency was generally shown to be 100 percent, maintaining a system concentration 
of ammonia at =0.12 mg/m 3 . 

The results for removing CO from air were also treated as a single group. Some variation 
in injection rate was used, as indicated in table 37. Carbon monoxide concentration in the system air 
was maintained at =2.4 mg/m 3 by oxidation in the catalytic filter. 
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Liq uid- phase con taminan t removal results are summarized in table 38. These conta m i nan ts were 
pulse-injected every 4 hr. Table 38 shows the mass of each pulse and the system concentration after each 
puke which would be expected without any removal by filtration. In the cases of isopropylbenzene, 
butanol, ethylacetate, and cyclohexane, the system concentration of these contaminants, without any 
removal by filtration after a single pulse, would exceed MAC’S. The results in table 38 are from continu- 
ous sorbent tube collection, with sample collection periods ranging from 40 min to 4 hr. These samples 
were collected at sample port 1 (see fig. 35) which represented tank (system) concentrations. 


Ifeble 38. Liquid contaminant removal performance. 



-« — 

Maes 1 

(«*•) 

Eg 

E3 


IHri 
(Phase 2) 

2HH 
(Phase 2) 

3 Hi* 
(Phase 2) 

4 Hi* 
(Phase 2) 

Isopropyl-benzene 

8.49 

0.91 

0.5 

041 

0.29 

0.18 

sn 

0.09 

Toluene 

114 

1.2 

2 

0.41 

0.36 

0.22 

n 

0.12 

Benzene 

0.08 

0.008 

2 

<0.024 

<002 

<0.01 

<0.007 

<0.005 

1 -Butanol 

13.48 

1.45 

0.8 

0.52 

0.48 

0.29 

Ka 

0.14 

Ethanol 

49.88 

5.35 

mm 

1.96 

2.49 

1.81 

1.53 

1.24 

Methanol 

0.5 

0.05 

®§s- 

0.20 

0.11 

0.04 

<0.016 

0.014 

Ethylacetate 

41.8 

4.48 

mm-: 

1.66 

1.58 


0.74 

0.54 

Acetone 

4.58 

0.49 

tp 

0.21 

0.18 

0.14 

0.10 

0.09 

Formaldehyde 

1.69 

0.18 

■ 

0.06 

- 

0.03 

- 

0.010 

Cyclohexane' 

33.3 

3.57 

mm 

2.100 

1.92 

1.22 

0.87 

0.700 


*Mffllgrams erf liquid contaminant injected every 4 hr 

"Calculatsd concantratton* expected in the system (O STP) after injection, with no removal by ffltratkHi 
''Contaminant concentrations on (toy 20 of phase 1 ; simple collection lor 40 min (Mowing injection 
"Contaminant concentrations lor day 20 of phass 2: 

1- hr continuous sorbant tufa* cotnction altar inaction 

2- hr continuous sartMrt tube coMction aftsr Injection 

3- hr continuous sorbent tub* colectton attar Injection 

4- hr continuous sortMnt tube cotlecUon after injection 

'Sample analysts by on-Hne GC/MS, values are Integrated average concentrations over the respective sample periods 
of 1,2, 3. and 4 hr. 


During phase 1, samples were collected for the 40-min period immediately following the injec- 
tion. These results provided a good indication of contaminant removal. As shown in table 38, all 40-min 
ssanfAc results were less than MAC’s. However, a 40-min sample collection time did not provide com- 
plete monitoring of the system concentration between injections. Therefore, during phase 2, system air 
samples were continuously collected for 1, 2, 3, and 4 hr Mowing injection. The 4-hr sample normal- 
izes the system air concentration following the injection over a 4-hr period. This effectively provides 
a system level steady-state concentration for each contaminant In summary, none of the 4-hr liquid 
phase contaminant concentrations exceeded the Russian MAC’s. 

The system air concentrations were monitored by GC/MS during each 4-hr injection cycle over 
the 20 days of each test phase. There were four in-line GC/MS samples taken after each injection. The 
fourth sam ple of each cycle represented the system air concentration just prior to the next injection, and 
therefore, the residual mass in the system. This residual mass indicated < 100-percent removal efficiency 
in the operation of the filter assembly. Figure 51 shows the residual mass for the test phases 1 and 2 for 
some of the liquid-phase contaminants. 
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Figure 51. Residual concentrations 4 hr after liquid injection by test phase. 


An increase in residual concenirarions of certain of 

between test phases 1 and 2. These results are alsottoown. “ ' “cyclohexane, 

^hie, basically reducing the system capacity for these contam.nm.ts durtng phase 2. However, thes 
concentrations are still well below MAC’S. 

Hydrogen removal is performed by the catalytic filter. Hydrogen was toi^tMil nm"" 
ofthetwoVday performance periods. repre- 

decayed to detection limit (50 mg/m 3 ) within 48 hr. 
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Figure 52. Hydrogen concentration decay. 


6.4.4 Conclusions 

Based on table 35 loading rates, the following conclusions can be made: 


• The Russian TCCA 
when the filters are new. 


can maintain contaminant concentrations below Russian MAC’s 


• The Russian TCCA can 
aging die prefilter with «80 percent of a 3- 
and benzene. 


ussian MAC’s after 
toluene, cyclohexane, 


in table 35 fnr hioft m i , ‘ . ■■ - a Useftu bfe of 3 yr is valid, based on the loading rates 

in table 35 for the high molecular weight oiganic compounds. No significant increase in test chamber 
concentration was observed, based on the aged prefilter. 

• The thermal vacuum regeneration of the fine filters enabled the filter svstem to maintain 
contaminant concentrations to within the limits of table 35. 
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6.5 Metal Monolith Trace Contaminant 


Control Subassembly Catalyst Development 25 


A retrofit to the primary design of the TCCS’s catalytic oxidizer was proposed by Vision 
Combustion, Inc. (PCI) of New Haven. 

cay lightweight metal monolith catalytic converter based upon PCI s Microhth techno o^ M^ 
fimdedPCI’s fundamental research and performance characterization of the metal monolith for TCCS 

'mcc "* ^ t0 demonstrate 

its integration with a flight-like TCCS catalytic oxidizer assembly. 

In order to fully understand the benefits which may be realized by retrofitting the TCCS with 
a metal monolith assembly, it is necessa^ to operate the prototype 

conditions To achieve this requires integrating the prototype reactor with a g y . 

mmatis sMar in ftacttaTand design to that used by the ISS TCCS and operahng the integrated 
assembly under a range of process conditions. The metal monolith performance demon^ation pr^t 
was developed to do that. It investigated specific performance characteristics wtadl ^ J 
addressed by the preliminary engineering analysis or the development woik conducted by PCI. 
3™nce chaLeristtcZiclude the acmal average power requirement, the ease of 
33 d transient duration, and process control. The performance demonstratton project has allowed 
the metal monolith’s energy requirements and the duration of expected thermal transients to be quanu- 
fied and compared to those of the ISS TCCS. Also, the feasibility of physically integrating a metal 
monolith assembly with the existing TCCS design has been demonstrated. These data are key to 
developing a final metal monolith catalytic converter retrofit design. 

The metal monolith catalytic converter developed by PCI is based upon innovative reactor design 
techniaues These techniques include the use of a series of high cell density, short channel length metal 

monoUths combined with a specialized catalyst coating process. The setfcsof 3* 
a significant reduction in boundary layer buildup that occurs in conventional monolithic substrates. A 
rrJfnarison of the boundary layer buildup of the metal monolith with that of a conventional monolith is 
illustrated in figures 53 and 54. By using a series of short channel length metal monoliths, a significant 
3Zlnh3“mLsca„ be obtain^ tha, results in a lightweight re^ordesip, tha.has shorter 
3313 Because the metal monolith minimizes boundary layer buddup, it ts charactenzed by 
a significantly improved mass transfer rate. The specialized catalyst coatmgtechmqueprovies 
rable, high-surface area catalyst that is highly resistant to activity loss resulting from sintering. Tbe 

coating also resists spalling. 

The metal monolith catalytic reactor is intended to replace the existing heater assembly and 
» i nf the TCCS HTCO assembly. Its low thermal mass allows for more rapid heating of the 

SH^^S5SS52!S^SL. 

data to quantify the potential benefits. 
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Figure 53. Boundary layer buildup in a conventional monolithic converter. 



Figure 54. Boundary layer m in i m i zat ion by PCI’s metal monolith technology. 


&5.1 Test Configuration 


The TCCS hardware used in this project is functionally similar to the flight hardware. The test 
unit, shown sch em ati c ally in figure 55, contains an activated charcoal bed containing *18.1 kg (40 lb) 
of Bamebey-Sutcliffe type 3032 activated charcoal, an axial blower, centrifugal blower, regenerable 
activated charcoal bed, LiOH presorbent bed, HTCO assembly, postsorbent bed containing *1.4 kg 
(3 lb) of Cyprus Foote Mineral Co. LiOH, and associated instrumentation. 

Fbr the purpose of this test project, the regenerable activated charcoal bed remained empty while 
die LiOH presorbent bed remained packed to serve as a static mixer for injected test gases. The HTCO 
was modified to accommodate the metal monolith catalytic converter test article. The TCCS hardware 
was located inside the CMS housed in the north high bay in MSFC’s building 4755. 
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Figure 55. TCCS process and instrumentation diagram. 


Process air enters the TCCS directly from the chamber or facility high bay atmosphere. The 
TCCS exhaust enters the chamber or high bay atmosphere directly. No interface with the facility THC 
system was required for this project. A facility-supplied manual valve located at the TCCS process air 
intake reduced the nominal inlet flow rate from 59.5 m 3 /hr (35 scfm) to 15.29 m 3 /hr (9 scfm). The flow 
to the HTCO assembly was set to the normal 4.59 m 3 /hr (2.7 scfm) via the use of a manually actuated 
needle valve. 

The metal monolith catalytic converter test article which was integrated into the existing HTCO 
assembly is shown isometrically in figure 56. The metal monolith includes a catalyst/heater element 
assembly, support structure, interface adapter, and an endplate adapter containing instrumentation 
feedthroughs. The unit is design to facilitate a straightforward retrofit into the existing TCCS with 
minimal modifications to the existing HTCO catalyst container. As can be seen by examining figure 57, 
which shows an exploded isometric view of the flight TCCS HTCO, there are geometrical similarities 
to the existing system that will enable the Microlith®-based metal monolith assembly to be integrated 
with the existing catalyst canister. Its similarity with the heater assembly shown in figure 57 is especially 
noteworthy. 

For this test, the TCCS was configured to stand alone; i.e., both the inlet air and outlet air inter- 
faces were direct with the chamber atmosphere. All testing was conducted with the CMS door open 
since there was no need to condition the entire chamber atmosphere. Methane injection was accom- 
plished by metering a 3-percent-by- volume, CH 4 -in-air mixture into the TCCS process flow stream just 
upstream of the presorbent bed. The presorbent bed served as a static mixer to ensure a uniform CH 4 
concentration was maintained at the HTCO inlet. Both CH 4 and C0 2 were monitored at the HTCO inlet 
and outlet. Samples were collected and pumped to analytical instruments located outside the CMS. 
Carbon dioxide analysis was accomplished by using two Horiba analyzers and CH 4 analysis was accom- 
plished by using an HP GC. Details on these instruments are provided later. The TCCS was outfitted 
with a Sorensen variable voltage power supply, an HP data scanner, and the necessary sensors and 
instrumentation for ensuring that the proper test conditions were being maintained. A simplified 
schematic of the TCCS test stand is provided in figure 58. 
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Figure 56. Prototype Microlith®- based metal monolith assembly. 
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Figure 57. /S5TCCS HTCO exploded view. 
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Figure 58. Metal monolith performance demonstration test stand schematic. 


6.5.2 Test Operations 

Integration of the metal monolith assembly with an existing flight-like TCCS HTCO HX assem- 
bly was conducted May 12—14, 1998. Representatives from the metal monolith assembly’s developer, 
PCI, participated in the integration process. The first subtask was to determine whether the metal mono- 
lith assembly would seal properly at its interface with the HX. Precise measurements were made of both 
the HX and metal monolith assemblies. It was found that the metal monolith assembly dimensions were 
appropriate for providing an adequate seal. 


The metal monolith assembly included two type K TC’s: one was in contact with the last metal 
monolith element and the second was in the air gap between the catalyst stack outlet and the endplate. 
A third TC was added. This TC extended into the HX’s hot side inlet heater, appro ximate ly the same 
location as that for the RTD’s used in the flight TCCS design to control heater operations. The metal 
monolith assembly was integrated into the HTCO. Two layers of Manville Q-Fiber felt insulation were 
secured around the HTCO flange and endplate to complete the integration. 

After successfully integrating the metal monolith assembly with the HX assembly, the HTCO 
was installed into die TCCS test stand and checkout tests were conducted over the next 2 days. Metal 
monolith power control was based upon temperature signals from the TC in contact with the last metal 
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monolith element The temperature signal from the TC in the air gap served as the backup control 
sensor Some minor problems with the communications bus were found and resolved. Formal test runs, 
however, could not begin until the week of May 25 because final calibration and checkout of the in-line 
C0 2 analyzers and GC were not yet completed. 

Once the gas analyzers were ready, the thermal transient test runs began on May 27 and were 
completed on May 29* A single run was conducted each day to allow each run to start cold. This allowed 
for an accurate measurement of die thermal transient duration. No CH 4 was injected during these tests 
because the focus was on measuring the thermal transient Process ak flow to die HTCO was set at 
4.59 m 3 /hr (2.7 scfm) for all runs. No process anomalies were experienced during this test series. 

Following thermal transient testing, three power-save operating mode tests were conducted 
beginning on May 30 and ending on June 2. As with the thermal transient testing, a single run was 
conducted e ach day beginning from a pold start The first di urn al run began the power cycling after the 
HTCO reached its temperature control band of 400 °C ± 5.6 °C (750 °F ± 10 °F). The second run started 
the power cycling in the daylight mode at the same time that power was applied to the metal monolith 
assembly. This run was designed to provide data mi how much die startup transient would expand if the 
power-save mode was used during all TCCS operating modes. The third run was similar to the second 
with the exception that startup transient timing started at the beginning of the night mode. The process 
air flow was 4.59 mVhr for all runs. 

No process a p™wati«e occurred H»mng the power-save mode tests. However; one facility-related 
1 anomaly occmi^l during the final test run mi June 2. The TCCS outlet was inadvertently blocked, 

ranging the flow rate to drop below its low-limit alarm and then die TCCS to shut down. Since the run 
had to start from a cold condition, this run was restarted and completed successfully the following day. 

Between June 9 and 19, the steady-state operations test runs were conducted. The first series, 
conducted from June 9-1 1, basically repeated the thermal transient test Again, the process air flow 
was set at 4.59 m 3 /hr. In each run, the HTCO was allowed to reach its temperature control band and 
cycle for about 1 hr. At that time, the 3-percent-by-volume, CH^in-air mixture was injected at a rate of 
j 237 standard cm 3 /min (seem). This injection rate provided «65.4 mg/m 3 (100 ppm) concentration at the 

HTCO inlet 

The C0 2 concentration was monitored at both the HTCO inlet and outlet before CH 4 injection 
began to provide a baseline. Two separate Horiba C0 2 analyzers were used: one dedicated to monitoring 
the inlet and one to the outlet These instruments monitored the process air continuously and sent results 

to the DAS. 

After CH 4 injection began, the C0 2 analyzers were temporarily taken off line and a process 
gam plff was pumped totheGC for direct CH 4 analysis. By monitoring both CH 4 and C0 2 , two means 
for determi ning oxidation efficiency were provided. The CH 4 analysis provided a direct inlet and outlet 
concentration for the calculation. Because CH 4 is converted to C0 2 on a 1:1 molar basis, the rise in C0 2 
at the HTCO outlet provided a check for the CH 4 analysis results. 

The second set of steady-state operations runs was conducted between June 12 and 16. All 
conditions and procedures were the same as for the first set except for the flow rate, which was set 
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*t 1 7 m 3/hr (1 0 scfm) The CH, injection rate was again 237 seem which provided a concentration of 
«170 6 £2 HTCO inlet. This set of runs experienced a 

12 which was caused by an overtemperature alarm. The controller overtemperature limit had been set at 
1 15 X (780 °F) to avoid damage to the metal monolith assembly. This limit is extremely conservative 
gi'ven^e metal monolith assembly's ability to operas atreve 538 °C (1.000 

because at the lower flow rate, the HTCO’s thermal inertia resulted in a larger control band overshoo . 

The limit was changed to 421 °C (790 °F) and the test series continued without incident. 

After completing three runs at 1.7 m 3 /hr, the process air flow wasebanged to 6.8 ^n 3 /to (« »*”>• 

Methane was again injected after reaching the temirerature S' ' 

injection rate provided an average concentration of 44.5 mg/m 3 (68 ppm) at the HTCO mlet. 

The three high-flow rate runs were completed with no process anomalies. Once, a ^ ^cq uis i- 
tion anomaly occurred on June 10 during which the payload and components remove automated test 
system (PACRATS) was found to be off-line. The DAS was restarted and the test ran completed. Since 
£ additional runs with a complete data set were obtained for this condition, an additional ran to make 

up for the lost data was not conducted. 

Methane oxidation reaction light-off tests were conducted on June22-24. This test series was 
conducted at the normal TCCS HTCO flow condition of 4.6 m 3 /hr (2.7 scfm). The procedmefor th 
test runs was somewhat the reverse of that used during the steady-state performance runs. Process air 
flow was set and the CH 4 injection at 237 seem was started before applying power to the metoT monolith 
ZZ M« CH 4 concentration was verified via GC analysis. Cart™ dioxide was monitored contmu- 
^Tat both the HTCO inlet and outlet during the entire run. Once the CH 4 concentration was venfied, 

power was applied to the metal monolith assembly. Aftra achieving s 

samples were collected at the HTCO inlet and outlet and analyzed with the GC. There were no process 

or facility anomalies during this set of runs. 

At the conclusion of the process performance tests, the HTCO was removed from die : TCCS I test 
stand. The metal monolith assembly was removed, inspected, and mated with a specif vibration ““ 
fixture on August 4. The metal monolith assembly was found to be m excellent condition, e 
test fixture was specially designed to allow the metal monolith assembly to be securely attached to the 
'ribradon^est^tands located in MSFC’s building 4619. On August 5, the vibration test fixture and metal 
monolith assembly weie transported to the vibration test laborattuy. A 3.1-g root mean square (ims) 
Vibration load was applied in each axis for 1 min. No process anomalies were noted. 

At the conclusion of vibration testing, the metal monolith assemblywas reintegratedwiththc 
HTCO heat exchanger assembly and reinstalled into the TCCS test stand. The meral monohth assanbly 
was operated successfully for more than 24 hr before a communications bus problem caused th e TC CS 
to shutdown. This problem was resolved during the next week and the metal monolith was restanolon 
August 14 The primary test objective of a postvibration test run of 48 hr was successfully met 00 ^ 
mst 16. In Older to tether demonstrate long-term operations, the metal monohth assembly w^ Derated 
continuously until September 14. Methane oxidation performance was checked on August 26 and found 
“bll wteile lge observed during previous rearing. During this resting phase, tire meral monolith 
assembly operated continuously for just over 30 days. 
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The HTCO was removed from the TCCS test stand for inspection and disassembled on 
(fctober 20. The insulation was removed from the endplate and the 12 hexagonal bolts loosened. One 

of the bolts serai and had to be cut to remove it. The metal monolith assembly was removed, inspected, 
and plio^i^Asd. 


W<3 Discussion of Results 


mode. 


wasi 


in a power-save mode. In this operating 
A - tal daylight period, and is switched off 

- Process air flow is continuous. The worst-case orbital day/night cycle results 

monoUth^Bod Fl8ure59 showsa representative temperature profile for the metal 

uunng typtcar power-saving mode operations. This particular run shows the 
: a power-saving mode after first achieving the standard temperature control band. 

> in a power-save mode are Sfostfated in figure 60. As can be seen, the 
startup transient duration is effectively doubled. An additional 37 min is added to the startup transient 
if power is applied at the beginning of the orbital nighttime period. 


imai 


^50 °F)and 233^°C (451 °F). Analysis of CH 4 reaction ft 
~ • ** * ' and 



tes between 400 °C 
his project sfa 
. Over the entire 


~ . . . _ . - . an average CH 4 oxidation 

efficiency of 52.5 percent. This average temperature is also sufficient to oxidize most other common 
spacecraft cabin air contaminants such as formaldehyde, benzene, acetone, and dichloromethane. 20 



Figure 59. Typical metal monolith power-saving mode temperature profile. 
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iven that O, is in excess during all stages of the reaction, it is not anticipated that any partial oxidatton 
roducts would result during the observed temperature swing. 

The metal monolith assembly’s temperamre was ^ ^switched off 

ppiy. -^^ 9 l C g < a 7 ^ p F r d h and also 

Still measurement was made at 5.3 m’/hr (3.1 seta) during endumnce testing. Ttie duty cycle 
vas found to be 0.78 m 3 /hr at this additional flow rate. 

The effect of flow rate on pressure drop, as shown in figure 61, is not linear and isbestrepre- 
jented SriStie plot. Assures used to construe, tins plot have urnts of pascals. The 
correlation coefficient for the semiloganthmic plot is 0.999. 

Analysis of process sample dam shows that CH 4 oxidation effidenc, 
at tite low-flow condition to 75.2 percent at the high-flow condition. At die normal HTCO flow ram, 
4.6 m 3 /hr, the CH 4 oxidation efficiency was found to average 87.3 percen . 

The time that elapses bertveen mend monolith startup and CH 4 oxidation motion li^tioff was 
determined “LdyringOd, concennation at dm HTCO inlet and oude, durtng a ty P .cal startup 
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transient. Light-off is defined as the point at which outlet C0 2 concentration begins to increase 
Figure 62 shows a representative C0 2 concentration profile. Three separate runs were conducted to 
tight-off. Light-off was observed at an average metal monolith temperature of 
24.3 °C (435.7 °F), reached -0.423 hr (25.4 min) into the startup transient Fifty-percent CH 4 oxidation 

efficiency was observed at an average 337.6 °C (639.7 °F) =1.246 hr (74.76 min) into the startup 
transient 


The metal monolith assembly was removed from the HTCO before it was subjected to vibration 
testing. Visual inspection upon its removal showed it to be in excellent condition. In order to subject the 
assembly to vibration testing, a special fixture was designed and fabricated. This fixture was an alumi- 
num donut which allowed the metal monolith assembly to be mounted on the vibration test stands 
as shown in figure 63. 

Once secured to the vibration test fixture, the metal monolith assembly was subjected to a 3 1 -a 

tins random vibration load for 1 min in each axis. This load is specified for the TCCS launch and land- 
ing environment 24 
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Figure 63. Cross-sectional view of the metal monolith assembly mounted on the vibration test fixture. 
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Observation of the testing indicated no problems. The metal monolith assembly was not dam- 
aged and it functioned as it had before vibration testing. Based upon the vibration test observations and 
the subsequent baseline performance tun, it can be concluded that die metal monolith assembly can 
withstand launch vibration loads and then function properly. 

After completing 30 days of continuous operation, the TCCS was shut down and die HTCO 
removed ftom the test stand. Disassembly of the HTCO showed the metal monolith assembly to be in 
excellent condition. No changes in resistance or excessive wear were observed. The metal surfaces of 
the metal monolith assembly had become duller in appearance when compared to the beginning of die 

test 

65.4 Conclusions 

Applying the metal monolith catalytic converter technology to spacecraft air QC problems may 
realize benefits in the areas of logistics, crew time utilization, process startup, and process operations. 
Basic research and technology development conducted by PCI has demonstrated that the metal mono- 
lith technology possesses significantiy enhanced mass transfer properties. The observed tenfold 
enhancement in mass transfer provides for a more robust catalytic oxidizer design with a larger perfor- 
mance marg in with respect to poisoning. Because of this added margin, a metal monolith-based cata- 
lytic oxidizer pan recover from a poisoning event more rapidly. While it takes tire pellet-based catalyst 
HTCO «fr*ig n more than 100 hr to recover from a poisoning event, the metal monolith can recover 
from the same magnitude event in 100 min — 98-percent faster. 


Tire demonstrated design robustness may also lead to significant benefits in TCCS process 
ecoaoaacs The metal monolith technology has been demonstrated to perform properly in a harsh 
automotive exhaust environment after an accelerated 5-yr life (50,000 mi or 10,000 mi/yr). In compari- 
son, the present TCCS oxidizer design has been validated for a 2-yr service life. Its service life has 
been set conservatively at 1 yr by the ISS program. By extending the HTCO’s service life to 5 yr, 
an annual logistics savings of 19.4 lb can be realized and ==0.29 hr of crew time saved annually. 


The metal monolith’s robust design may also allow the charcoal bed to become more saturated 
than previously allowed. An analysis of in-flight trace contaminant loads observed during the Spacelab 
program shows that the only cabin contaminants which could be a threat to the metal monolith reactor, 
with respect to irreversible poisoning, are organosiUcone compounds. When oxidized, these com- 
pounds form silica, which immediately condenses on the catalyst surface. A catalyst masked by silica 
cannot be restored by thermal treatment and must be replaced. Expected loads of organosilicone 
com po unds , however, would take nearly 30 yr to saturate tire charcoal bed and reach the catalyst. Since 
the present experience base for expendable charcoal bed service life is limited to that of the Russian 
Mir Space Station, a service life no longer than 3 yr is considered reasonable. By changing the char- 
coal bed every 3 yr, annual logistics ami crew time savings may be as high as 296 lb and 2.5 hr, 
respectively. 

Even though more halocarbons will be allowed to enter tire metal monolith-based HTCO, 
it is not anticipated that the LiOH postsorbent bed would have to be replaced more frequently. In fact, 
analysis of the total halocarbon load expected for the ISS indicates that the replacement will be needed 
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at =2-yr intervals. Therefore, it can be expected that the minimum logistics and crew time savings that 
may be realized by deploying a metal monolith catalytic oxidizer on board the ISS are 315 lb and 2.5 hr, 
respectively. 

Other benefits which may be realized pertain to electrical power savings and operational flexibil- 
ity. Demonstration testing showed that the TCCS startup transient can be reduced from 9.5 to 2.1 hr. 

Ibis represents a reduction of 77 percent and a savings of 1,100 Whr during every process startup. Also, 
file ability to operate the metal monolith assembly in a power-saving mode may lead to additional 
continuous power savings. The power-saving mode effectively reduces the heater duty cycle from 72 to 
41 percent, yielding an average continuous power savings of 1,116 Whr. It must be noted that the pellet- 
based HTCO design may also achieve this power savings; however, its operation in a power-saving 
mode has not be demonstrated by testing. 

6.6 Four-Bed Molecular Sieve Independent Subsystem Testing 26 

4BMS testing includes the performance enhancement test (PET) which is being conducted 
to determine the enhancement potential of performance to meet reduced ppC0 2 exposure levels. 

In addition, certain tests are planned to address 4BMS “flight issues.” 

A preliminary PET was conducted in August 1996 to provide initial data to verify that 4BMS 
operational changes could be made such that the Life Sciences requirement of 2.2 mmHg ppC0 2 was 
met A high-fidelity 4BMS was utilized for this testing. Testing was conducted in the CMS which is a 
part of the MSFC ECLSS test facility located in building 4755. 4BMS parameters of air process flow 
rate, cycle time, and sorbent bed heater set-point temperature were varied to determine removal capabil- 
ity for the various operational configurations. Six operational configurations were evaluated in a period 
of 15 consecutive days. 

Preliminary results from the PET are shown in table 39, along with other recent test results for 
comparison from the MSFC integrated AR test and the C0 2 removal rate and electrical power consump- 
tion evaluation test conducted by Allied Signal. PET results are from July 14- August 1 1, 1996. Review 
of tiie test data (table 39) indicates that process air flow rate has the greatest influence on C0 2 removal 
capability. C0 2 removal rate divided by inlet ppC0 2 is plotted against flow rate to illustrate this relation- 
ship (fig. 64). 

The 4BMS test setup has been upgraded with flight system sorbent beds, a commercial blower 
with higher flow rate capability, and facility upgrades to increase control over the process air dewpoint 
and temperature. Phase II PET testing was completed in July 1998 and the data are being analyzed. 

4BMS “flight issues” include: testing with 4BMS process air pulled from the cabin rather than 
downstream of the THC CHX, testing to determine desiccant bed breakthrough in the power-save mode, 
characterization of the cyclic humidity spike, and testing at a 10-person level. There is concern that 
liquid H 2 0 droplets possibility carried over from the CHX will poison the desiccant beds with resulting 
degradation in C0 2 removal performance. An alternative is to pull 4BMS process air from the cabin or 
from inside the AR rack. When the 4BMS is operated in the power-save mode with a sorbent bed heater 
setpoint of 127 °C, the H 2 0 breakthrough in the desiccant beds will eventually occur. No testing has 
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Table 39. PET, IART, and development 4BMS results. 
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Power Mod*: For continuous power mods (Cont), no intsmipUons are mads to the 5A sorbent bed heater power during the test. For day/night (D/N) cycling. 

the heater power is cycled oft during a simulated orbital “night" These tests used an orbital cycle o» 00 min and night duration ol 37 min. 

One-Half Cycle Time: Duration of half the total 4BMS cycle. 
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Figure 64. Carbon dioxide removal versus flow rate. 


been conducted to determine when the desiccant beds break through and need to be regenerated. Testing 
will characterize the humidity spike caused by desorption of the desiccant beds. All flight issue testing 
(except for the characterization of the cyclical humidity spike) has been completed and the data are 
being compiled. 


6.7 Stage 10 Water Recovery Test 27 

A test has been completed at MSFC to evaluate the water recovery and management (WRM) 
system and waste management (WM) urinal design for the United States on-orbit segment of the ISS. 
Potable and urine reclamation processors were integrated with wastewater generation equipment and 
successfully operated for a total of 128 days in recipient mode configuration to evaluate the accumula- 
tion of contaminants in the H 2 0 system and to assess the performance of various modifications to the 
WRM and WM hardware. 

The integrated WRT program has been conducted in open-loop “donor” mode in which human 
test subjects generated wastewaters from nonrecycled H 2 0 and closed-loop “recipient” mode in which 
reclaimed H 2 0 was returned to test subjects for reuse and subjective assessment. Donor and recipient 
mode tests with dual-loop (potable and hygiene) H 2 0 recovery system configurations were completed 
in 1990 and 1991 and have been reported elsewhere. Donor and recipient mode testing of a single-loop 
system representative of the SSFand modified to utilize the baseline WP technology was completed 
in early 1992. Additional single-loop testing completed in late 1992 evaluated the impact of eliminating 
the WP presterilizer on Unibed® life and overall WP performance. After the redesign of SSF to the ISS , 
Boeing’s predevelopment operational system test (POST) for the WRM system was deleted and replaced 
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with WRT stage 9, which was operated with an automated system level control scheme in a simulated 
recipient mode. -sif gP : 




WRT stage 10 was conducted to evaluate H 2 0 quality and hardware performance in exte 
recipient mode operation while evaluating hardware modifications and investigating issues ori,« 
in stage 9. The stage 10 test is the subject of this section. 



6.7.1 Test Configuration 

D etails of the WRT system design and test requirements are reported elsewhere and are o| 
summarized here. An overall schematic showing the WRT bed as it was configured for stage 10 it 
provided in figure 65. The WP, urine processor (UP), and process control water quality monitor | 
(PCWQM) assemblies were located adjacent to the EEF. Equipment dedicated to the generation 
tion, and distribution of various wastewaters were located in and around the EH 3 and were intei 
appropriate portions of the H 2 0 recovery system. The oxygen generation assembly (OGA) was 
in the CMS, adjacent to the EEF. 

The WRM included hardware for the recovery of potable H 2 0 from wastewaters generated 
in end-use equipment within the EEF and from urine. 

























Figure 66. Schematic of urine collection system. 


The urine collection system (fig. 66) was used to collect urine, reclaimed flush H 2 0, and crew 
health care system (CheCS) wastewater. The design ratio of urine to flush H 2 0 in pretreated urine is 
3 parts urine to 1 part flush H 2 0 by volume. This design ratio was achieved by manually adding 80 mL 
of flush H 2 0 to the urine collection system (UCS) following each donation. The UCS fan/separator 
turned on when the urinal cover was moved from the top of the funnel. When the separator reached the 
correct operating speed (3,500 rpm), a light would indicate that the UCS was ready to accept donations. 
At the inlet to the UCS, Oxone® and H 2 S0 4 were added to the urine stream using solid tablets devel- 
oped at HS. These tablets were designed to add 5 g Oxone® and 2.3 g H 2 S0 4 per liter of urine or 
CHeCS waste. These tablets replaced the previous design concept of liquid injection of the pretreatment 
chemicals. The fan drew air through the UCS hose at 10 ft 3 /min. The separator function was to separate 
the air from the liquid. Once the liquid and air were separated, the liquid was delivered to the UP waste- 
water storage tank. The air flowed into an odor/bacteria filter before being exhausted to the EEF environ- 
ment. 


The UP utilized vapor compression distillation (VCD) technology (see fig. 67) to process 
CHeCS waste and urine/flush H 2 0 collected by the UCS. Wastewater is circulated through the distilla- 
tion unit by a four-section peristaltic fluids pump. The feed section of the pump discharges wastewater 
to the inner surface of the evaporator drum at a higher rate than the distillation rate. Vapor is generated 
along the heated surface of the evaporator drum and passed through a demister to prevent H 2 0 droplets 
from entering the compressor. The vapor is then compressed and condensed, thus generating heat for the 
distillation process. The condenser/evaporator drum is rotated by a brushless dc motor via a magnetic, 
fluid-sealed, direct-drive coupling. The evaporation/compression/condensation process takes place 
between 90-1 10 °F by operating the subsystem at 0.5-0.8 psia. Noncondensable gases are purged from 
the condenser every 10 min using the purge pump, which employs the same design as the fluids pump. 
Any H 2 0 condensed in the purge stream is separated by a static membrane G/LS and sent to the product 
H 2 0 line, while the noncondensable gases are vented to the atmosphere. The distillate collected in the 
condenser is pumped out of the distillation unit. Distillate with a conductivity above the setpoint of 
150 jumhos/cm is returned to the recycle loop for reprocessing. Distillate with a conductivity 
<150 itmhos/cm is delivered to the WP waste tank as it is generated. Excess wastewater feed is returned 
through a 22-L recycle filter tank by the second and third sections of the fluids pump. Two pump 
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Recycle Fitter Tank 


Figure 67. Schematic of VCD urine processor. 


s ec tions of the fluids pump are used to insure that the flow rate out is always greater than the rate in, 
which avoids floo ding the evaporator drum. Prior td stage 10, die VCD— V recycle tank was modified 
from a pair erf 25-/t filters to a 10-/1 filter. However, afire observing a significant accumulation of solids 
in die recycle tank during die brine tank replacement, a 30-/1 filter and the previous 25-/i filter design 
were also used. This issue is discussed further in the section on UP performance. 

The schematic for the WP is shown in figure 68. The WP operated at the flight design flow rate 
of 15 lb/hr. The WP employed particulate filtration, adsorption, ion exchange, catalytic oxidation, and 
phase separation to produce potable quality H 2 0. Wastewater initially passed through a 0.5-/1 depth filter 
to protect die Unibeds 9 from particulate loading. When the pressure drop across die filter reached 
15 psid, the filter was considered loaded and was replaced. The MFB train followed, which consisted 
of two Unibeds® in series which removed ionic and organic contaminants present in the H 2 0. Each 
Unibed® was identical and contained a series of media (table 40) designed for removal of particular 
groups of ra fl#*minants expected in tire wastewater streams. Conductivity sensors located at the inlet 
and outlet of each Unibed® were used to monitor the performance of the bed and determine when bed 
saturation had occurred. 

The Unibed® brain effluent was treated by the VRA. The VRA was designed to remove low 
weight, polar organics that are not efficiently removed by the Unibeds®. The process H 2 0 
was saturated with 0 2 , heated to 265 °F, and passed through a catalytic oxidation reactor to oxidize the 
organics to C0 2 and/or to ionic compounds. The reactor was modified following stage 9 by HS to 
provide improved oxidation of acetone, which was commonly detected in the stage 9 product H 2 0. 

The reactor modifications included the development erf a more active catalyst and increasing the 
reactor’s length-to-diameter ratio. Free gas in the reactor effluent is removed via a phase separator 
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Figure 68. Schematic of the water processor. 


Table 40. Stage 10 Unibed® media (in direction of flow). 


Madia 

Volume (cc) 

Description 

MCV-RT 

200 

lodinated anion exchange resin 

IRN-150 

9.750 

Equal mix of strongly basic anion 
and strongly acidic cation exchange resin 

IRN-77 

695 

Strongly acidic cation exchange resin 

IRA-68 

4,275 

Weakly basic anion exchange resin 

580-26 

4,630 

GAC produced from coconut shell 

APA 

1,325 

GAC produced from bituminous coal 

XAD-4 

1,325 

Polymeric adsorbent 

IRN-150 

200 

Equal mix of strongly basic anion 
and strongly acidic cation exchange resin 

IRN-77 

200 

Strongly acidic cation exchange resin 










operated at 130-135 °F and 3-5 psig. The phase separator was also modified prior to stage 10 by HS 
and relocated to a location between the two VRAHX’s, rather than downstream of both HX’s (the 
9 ^figuration). The stage 10 configuration allows for improved gas removal since the process 
wiU be at a higher temperature. Following the phase separator, the process H 2 0 is passed through an ion 
exchange bed for removal of ionic byproducts from the reactor and addition of a residual level of iodine 
(I 2 ) (1-4 mg/L) as a biocide. 


Effluent from the VRA was analyzed by the PCWQM. The PCWQM provides on-line H 7 0 
quality monitoringfor TOC, I 2 , pH, and conductivity. The I 2 and conductivity sensors are located in the 
WP process line. TOC and pH are measured in the PCWQM sample loop. In the sample loop, a 
1 raL/rnm stream from the process line is initially passed by the pH sensor. The stream is then acidified 
by a solid phase resin to drive all inorganic carbon to C0 2 , which is subsequently removed by a gas/ 
liquid membrane. At the same time, the stream is satu r a t ed with 0 2 to be used for the oxidation of 
organics in tire ultraviolet lamp to C0 2 . Finally, the stream passes by a second gas/liquid membrane 
integrated with an IR detector cell. Carbon dioxide in the H 2 0 reaches equilibrium with the CO, in the 
IR cell where it is measured and reported as TOC. 


If the product H 2 0 failed to meet the H 2 0 quality specifications as measured by the PCWQM 
it was recycled to tire inlet of the WP for reprocessing. If the product H 2 0 was within specification 
it was stored in one of two product HjO tanks, each independently interfaced via a common distribution 
manifold to the various EEF equipment items requiring potable H 2 0. 


The OGA utilized solid polymer electrolyzer (SPE) technology to produce O, and H, from WP 
product H 2 0. WP product H 2 0 was fed to the SPE at ®7.2 lb/day. Electrolysis occurred in the cell stack, 
which includes 18 electrolytic cells with a solid polymer electrolyte material located between a perfo- 
rated anode and cathode sheet. The product 0 2 and H 2 streams are each passed through their respective 
static phase separators to ensure all liquid is removed from the product stream. The product gases were 
vented to the atmosphere in stage 10 and thus not consumed by the test subjects. The operation of the 

SPE during stage 10 was part of an ongoing SPE life test program. A more complete description of this 
test can be found elsewhere. 

6.7.2 Test Operations 

An average of 17.4 test subjects per day participated in EEF activities to generate wastewater for 
WRM processing. The EEF included a shower, handwash basin, microwave oven, exercise equipment, 
UCS, and CHX. High purity air was continuously fed to the EEF to maintain atmospheric CO, concen- 
trations <1.2 percent and to ensure a positive pressure in the EEF. Housekeeping wipes were used in the 
EEF at rates similar to those anticipated on the ISS. The specifications for these wipes are provided in 
table 41. An ersatz solution was added to the humidity condensate collected in the EEF to make it more 
representative of the humidity condensate expected on the ISS. Animal condensate consisted of an ersatz 
solution based on experiment data. CHeCS waste was added to the UCS weekly to simulate ISS condi- 
tions. The formulation for the various ersatz solutions is reported elsewhere. All wastewater processed 
were independently prefiltered (105 /an) and input into the system as described previously. The cleans- 
ing agent used in the shower and handwash is listed in table 42. 
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Table 41. Housekeeping wipes specifications. 


Wipe 

Description 

Usage 

Rate/Day 

Wipe 

Material* 

Use Solution 
(gm/wlpe) 

Constituency of Use Solution 11 

Utensil detergent 

12 

Dupont 8801 

9.2 

50% alkyklimethylbenzyl- 
ammonium chloride 
50% alkyl distribution 
(40% Cl 2, 50% C14, 10% C16) 

Utensil sanitary 

12 

Dupont 8027 

9.2 

2.5% Ninox L 
5.7% Steol cs-330 
6.75% Stepanol WAC 
0.473% Kathon CG-ICP II 
0.169% magnesium chloride 
0.0625% citric acid 
84.015% deionized water 

General use detergent 

24 

Dupont 8801 

9 

99.8% deionized water 
0.1% Rewoteric AMD-14 
0.1% Kathon CG-ICP II 

General use disinfectant 

24 

Dupont 8027 

9 

99.52% deionized water 
0.48 % Barquat 4250-Z 


a Dupont 8801 is 55% wood pulp and 45% polyester; Dupont 8027 is 100% polyester 
‘’Utensil detergent use solution is diluted to 1.514 gm/gal of deionized water. Utensil sanitary use solution is diluted 
to 800 gm/gal of deionized water. 


Table 42. Cleansing agent formulation. 


Type 

Shower 

Designation 

6503-45-4 

Ingredients (% by weight): 


sodium-n-coconut acid-n-methyl taurate 


(SCMT) (Igepon TC-42, 24% active) 

98.65 

Formaldehyde (Formalin, 37% active) 

0.10 

Lecipur 95-F (soybean lecithin) 

0.50 

Luviquat FC-500 (polyquaternium 16) 

0.75 


Iodinated facility H 2 0 was produced as described previously. Facility H 2 0 was delivered to the 
EEF during the first day of recipient mode testing for shower, handwash, wet shave, and urinal flush. 
Following this activity, facility H 2 0 was used exclusively for the generation of wastewater during donor 
mode operation (after test day 128). 

Primary laboratory support was provided by the Boeing Defense and Space Group’s Environ- 
mental Laboratory and the MSFC Environmental and Development Test Branch Chemistry Laboratory 
in accordance with an independent program level quality assurance (QA) and QC plan. 

All analytical and QC data generated during stage 10 is archived on the Functional Environmen- 
tal Database System (FEDS) which resided on the MSFC Information Network System (MINS2), at the 
time this test was conducted. 
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Stage 10 operated for a total of 146 days, including 128 days in recipient mode operation. 
Significant test results and lessons learned relative to the physical, chemical, and microbiological 
performance of the WP and the UP during stage 10 are summarized below. 

During stage lOtheWRM system processed -17,690 lb of wastewater (preheated urine/flush 
H O, er satz CHeCS waste, ersatz animal condensate, humidity condensate/equipment off-gas ereatz, 
ersatz fuel cell H*G, and waste handwash, wet shave, shower, and oral hygiene H 2 0) with 17,470 lb 
of potable H 2 0 produced and 294 lb lost as urine brine. The WRM system percent H 2 0 recovery 
was -98.3 percent, based on the mass of H 2 0 lost as brine. 

6.73 Discussion of Results 

Analysis of the WRM system in recipient mode will focus on issues related to H 2 0 quality and 
the mass balance of H,0 in die system. Recipient mode lasted for the first 128 days of thetest, during 
which time 15,350 lb of H 2 0 was produced by the WP and 128 product I^O tanks were filled for use by 
the test subjects. Analysis of the WP product H 2 Q over the course of the test indicates no degradation in 
H,0 quality. Figures 69 and 70 provide product H 2 0 TOC and conductivity data over the course of 
recipient mode operation. On test day 7, a software anomaly allowed process H 2 Oto be delivered to die 
product H 2 0 tank at the beginning of the WP process cycle (when organic leachates are being flu ^ . 

out of die VRA ion exchange bed). This anomaly caused this specific product H 2 0 tank to ve e 
TOC levels on test days 7 and 9 (1.6 and 0.58 mg/L, respectively). Since the source of the elevated TOC 
was known and determined not be a hazard to tte^subjects^dus ^Owas uscdfar M^mtodre^- 

TOC^pro^^timitedalsorption of the low molecular weight, polar organics normally removed by 
the reactor. As these organics saturate and pass through the Unibed , die TOC in the product H 2 0 
gradually increases until a new Unibed® is installed. No trends in product H 2 0 conductivity were 
observed during stage 10. 
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Figure 69. Recipient mode — product water total organic carbon. 
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Figure 70. Recipient mode — product water conductivity. 


Sample analyses for specific contaminants were also conducted using the methods detailed in 
table 43. No increasing trends for any contaminant were detected, thus indicating the long-term opera- 
tion in a closed H 2 0 recovery loop will not lead to an accumulation of any specific contaminants in the 
H 2 0 recovery loop. 

The WRM subsystem coordination logic worked as expected. No anomalies occurred related 
to the coordination of the WP, UP, and OGA operation. During stage 9, die completion of the PCWQM 
recirculation and calibration modes frequently interfered with the initiation of the WP processing mode. 
Prior to stage 10, the timing for the PCWQM modes was modified so that these modes would be con- 
ducted when the WP was normally in standby mode. This modification to the subsystem control logic, 
successfully minimized interference between the PCWQM and the WP processing mode. 


Table 43. Detection methods for product water analysis. 


Parameter 

Detection Method 

Alcohols 

Volatile tatty acids 

Glycols 

Aldehydes 

Volatiles 

Semivolatiles 

SCMT 

Proteins 

Urea 

Cations and anions 
Metals 

Heated headspace/GC with flame ionization detection 

Ion chromatography with conductivity detection 

Liquid chromatography with pulsed amperometric detection 

Precolumn derivatization/liquid chromatography with diode array detection 

Purge and trap GC/mass spectroscopy 

Liquid/liquid extraction with GC/mass spectroscopy 

Liquid chromatography with diode array detection 

Colormetric procedure 

Liquid chromatography with UV detection 

Ion chromatography with conductivity detection 

Inductively coupled argon plasma 
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Difficulties with the PCWQM data interpretation function during stage 9 were resolved fa gfj jfe 
stage 10. The most significant control issue was addressing the product H 2 0 TOC spike observedwiuai 
processing is initiated each day. This spike occurs because leachates (primarily methanol and trii 
amine) from the VRA ion exchange bed accumulate during standby mode and are flushed out wl 
processing is initiated. Following stage 9, the recommendation was to replace the IRN-78 resin 
a resin that would not generate the leachates. However, further research showed no such resin is i 
able that will operate in this system and provide similar performance. Thus the remaining option || | p - 
program the PCWQM data interpretation function to accurately address the TOC spike. This issue 
was resolved by developing a data derivative function that would determine when the TOC spike f 
peaked. Once the peak value . had passed and the absolute value was <500 ppb, process H 2 0 was i 
into the WP fill tank. No anomalies were observed with this approach. 

Two significant issues occurred during stage 10 recipient mode related to H 2 0 managei 
First, the system’s mass balance was not maintained, resultragin alow system mass and the freq 
addition of fuel cell H^O early in the test. Second, hygiene activities were delayed on numerous 
sions because product H 2 0 was not available for use. The following discussion addresses why these 
anomalies occurred and their impact on the WRM design. ||j| F 

Based on the ISS mass balance requirement and results from stage 9, the stage 10 mass b4B|jpr 
was established to anticipate an average daily fuel cell input of 1.9 lb. However, a reduction in wi^"' 
water generation impacted this value. Tables 44 and 45 summarize the appropriate mass balance data for 
the test Humidity condensateand pretreated urine generation did not meet the required 21.4 and- 
17.65 lb/day, respectively. The average urine distillate generation was 12.9 lh/day through test _ 
after which the pretreated urine collected by the UCS was supplemented to reach the nominal uriii 
distillate production. The average humidity condensate input was an average of 5.9 lh/day below 
requirement. Also, the stage 10 mass balance did not consider latent hygiene losses, which were 
mated to be up to 2 lb/day during stage 10. Because the masses of inputs were not meeting those 
expected while the mass removed was meeting die expected values, the overall mass of H 2 0 in the 
system was decreasing more rapidly than anticipated. The result was die frequent addition of fui 
H 2 0 to maintain the system’s H 2 0 mass between 232.5 and 242.5 lb. Figure 71 shows the input 
cell l^O on a daily basis. Through test day 64, die average fuel cell addition was 1 1.8 lb/day, wWijj ^E t; 
roughly equivalent to the deficiencies in the urine distillate and humidity condensate generationif§|R* 
the primary objective of stage 10 was to evaluate the accumulation of contaminants in the WRM ||p 
over an extended duration, efforts were made to minimize the addition of fuel cell H 2 0 and the subse- 
quent dilution of the wastewater. This objective was accomplished by reducing the mass of H 2 0 Jj;| 
removed from the system as simulated drinking H 2 0. 

Simulated drinking HjO was removed from the WP product H 2 0 tank several times each JlBh 
The mass of H 2 0 removed was initially related tothe/SS requirements for drinking H 2 0, food f 
tion H 2 0, animal drinking H 2 0, wet trash, and payloads. The mass of H 2 0 removed also accour 
the H 2 0 removed from the system for samples and deficiencies in the urine distillate generation, 
the test, the simulated drinking H 2 0 was modified to also compensate for the deficiency ofhum ^Hp- 
condensate. Furthermore, H,0 removed from the system to simulate payload usage was etimmtmMm 
test day 63 to provide further buffer against a reduction m die systems I^O mass. Followmg thejig^-: 
modifications, fuel cell H 2 0 addition was reduced to two occasions over the last 64 days of recipj|||^ 
mode operation and the system mass was maintained above the minimum setpoint 
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Table 44. Average waste stream quantities during WRT stage 10 recipient mode. 


from reference 10 and are based on a four-person crew. 

Table 45. Average product water consumption during WRT stage 10 recipient mode. 
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Figure 71. Stage 10 daily fuel cell input 
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Product H 2 0 was not available for use by the test subjects on a minimum of 10 occasions during 
stage 10. On three test days, this anomaly occurred because delays in WP operation prevented the fill 
tank from being filled before the deliver tank was emptied by the day’s nominal H 2 0 usage. These 
delays in WP operation were caused by the need to resolve anomalous WP pump performance (caused 
by gas in the pump inlet) and for prefilter replacement. On the remaining test days, the lack of available 
product H 2 0 occurred because of a low mass ofH 2 0 in the system (<220 lb). On these test days the low 
system mass meant that either the deliver or fill tanks were at lower than nominal levels. If the deliver 
tank was low, H 2 0 usage would empty this tank more quickly than normal and before the fill tank was 
ready to transition. If the fill tank was low, the WP would require more time to fill the tank, again allow- 
ing the deliver tank to be emptied before the fill tank was ready to transition. 

The UCS collected and pretreated 2,190 lb of urine, flush H 2 0, and CHeCS waste during 
stage 10. The UCS provided the required pressure to deliver the liquid to the UP feed tank. The separator 
operated nominally for the majority of its operation. Several test subjects observed an intermittent loss 
in separator speed during a donation. However, at no time did this decrease in separator speed prevent 
delivery of the pretreated urine or proper operation of the UCS upon subsequent use. Also, after raising 
the urinal cover to donate, test subjects observed that the separator was unable to reach its normal oper- 
ating speed on three occasions. This anomaly occurred because pretreated urine leaked through the seal 
between the separator’s rotating drum and the stationary housing. The drag between the liquid and the 
drum prevented the separator from reaching its operating speed. Once the separator was drained of the 
liquid (<10 mL of fluid), UCS operation returned to normal. 
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Figure 72. Pretreated urine pH for stages 9 and 10. 
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During stage 10 testing, 182 pretreatment filters were used at an average of 12.6 donations per 
filter (2,299 donations). The H 2 0 quality results on the pretreated urine indicate that the solid tablets 
provided similar pretreatment to the liquid injection approach. Furthermore, a posttest disassembly of 
the UCS showed no accumulation of chemical or biological matter in the UCS plumbing. Figure 72 
illustrates the pH of pretreated urine obtained during stages 9 and 10. The spikes observed in the data 
occurred when CHeCS waste was added to the urinal. Over the course of the test, CHeCS waste was 
added with varying levels of pretreatment, depending on how much usage the solid pretreatment tablets 
had seen prior to CHeCS addition. Since CHeCS waste has a very basic pH, its addition to the pretreated 
urine tank tended to initially drive the tank pH basic. However, the test data show that as the level of 
CHeCS pretreatment increases (i.e., less usage on die solid tablets), the quicker the pH of the pretreated 
urine tank will return to <3. In spite of the variance in pH caused by the CHeCS waste, the elevated pH 
levels did not lead to any microbial or chemical accumulation in the UCS (based on the physical disas- 
sembly of the UCS following the test) and did not prevent the pretreated urine tank from maintaining 
a pH of <3 in subsequent operation. 

A total of 2,585 lb of pretreated urine/flush H 2 0 and 192 lb of CHeCS wastewater was processed 
by the UP during 565 hr of operation with 2,403 lb of distillate delivered to the WP waste tank. The UP 
recovered =88 percent of the pretreated urine/flush H 2 0/CHeCS waste. The average production rate 
of the UP was 4.25 lb/hr. 

During stage 9, the VCD experienced numerous high-temperature alarms when the VCD 
transitioned to normal mode. This anomaly occurred when gas not removed by the UCS would accumu- 
late in the top of the UP waste bellows tank and be fed to the distillation unit when normal mode was 
initiated. This volume of gas would frequently exceed what the VCD could remove in its initial 10-min 
purge. Once processing was initiated, the compressor would overheat because it would be fed the excess 
gas rather than the steam needed to cool the compressor’s gears and lobes. A purge-control algorithm 
was therefore written and implemented prior to stage 10 to continue pulling a vacuum on the distillation 
unit until the pressure was <45 mm Hg, indicating sufficient gas removal. This algorithm effectively 
prevented the high-temperature alarms from occurring in stage 10. 

High precipitant levels were observed in the brine recycle tank during the replacement of several 
brine tanks. Several filter types were used in the test to determine if the precipitant formation was a 
result of the filter size or design. The filter types include the flight-like 10-/1 pleated filter, a 30-/1 pleated 
filter, and a pair of 25-/1, spiral-wound filters (stage 9 design). The first three brine tanks that were 
replaced on test days 35, 61, and 84 contained a relatively large mass of solid precipitation in the tank, 
including a cake on the exterior of the 10-/1 filter. The concentration of solids for these two filters 
exceeded 25 percent because the algorithm used for this calculation did not account for pretreated urine 
added to the waste tank during UP processing. The higher concentration of solids in the brine would 
have contributed to the increased precipitation observed when the filters were replaced. The 1-/1 filter 
was replaced on test day 84 with a 30-/1 pleated filter. However, the results were similar when the filter 
was replaced on test day 108. On test day 108, the pair of 25-/1 filters was installed. This filter pair was 
replaced on test day 131, at which time the level of precipitation observed in the brine tank was similar 
to that seen in stage 9 testing. Subsequent use of the 10-/1 filter resulted in the formation of solid precipi- 
tation observed earlier in stage 10. Further analysis will continue to determine the reason for the solids 
precipitation. 
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The VCD’s Vespel® compressor gear was replaced on test day 37 after Vespel® particles were 
observed is the product distillate. The original gears had a backlash of 0.01 1-0.021 in., while the new 
gear set had a backlash of 0.004-0.005 in. The Vespel® gear had «8,000 hr of operation, including 
700 hr of operation at MSFC in WRT stages 9 and 10. 

The urine distillate quality was typical of that observed in previous testing except for conductiv- 
ity. The average conductivity reported in stage 9 was 60 /tmhos/cm, while in stage 10 the conductivity 
increased to 70 /tmhos/cm. Furthermore, conductivity alarms occurred throughout the test when the 
product distillate conductivity exceeded the setpoint of 150 /tmhos/cm. The anomaly occurred most 
frequently at the initiation of processing and as the brine solids concentration reached its maximum I 

level. Test results indicate that the higher conductivity levels were caused by several ionic compounds ; 

that are also present in die pretreated urine feed, as opposed to a single contaminant introduced after the \ 

condensate process. These data in d i cate that the VCD is experiencing carryover of the pretreated urine or 
* leak of pretreated urine into the urine distillate. The most probable source of the carryover would occur 
when the evaporator drum starts and/re stops spinning and the pretreated urine along the wall falls onto 
the demister. As the evaporator drum is evacuated, portions of this pretreated urine may then pass 
through the demister and compressor to the distillate. A redesign of the demister may eliminate this 
anomaly, while further analysis will also be conducted on this issue. 

The PCWQM provided on-line monitoring of the WP product H 2 0 TOC, conductivity, I 2 , and 
pH. Performance analysis of the respective sensors was accomplished by comparing analytical data of 
samples (tolled from the VRA effluent with the PCWQM data ami by comparing analytical data of 
product tank samples (port 120) with PCWQM data generated over the time period that a specific tank 
was filled. The analysis of the TOC sensor was incomplete at die time this paper was published and will 
therefore be presented in the stage 10 final report. 

As was observed in stage 9, a comparison between the PCWQM pH sensor and laboratory data 
shows significant variance. The pH reported by the PCWQM was consistendy lower riian the laboratory 
pH. Analysis of sensor data indicates that the PCWQM pH sensor was properly calibrated during the 
test Additional analysis of the stage 10 test data and the pH sensor performance will be conducted with 
the results reported in the stage 10 final report. The PCWQM conductivity sensor provided consistent 
agreement with the laboratory data. This result is consistent with observations made during stage 9 ami 
further verifies the adequacy of this sensor. A preliminary analysis of the PCWQM I 2 sensor indicates 
good agreement with the laboratory data. The average difference between die two dat a p oint s was 
<0.4 mg/L over the first month of testing. The PCWQM I 2 value is consistendy higher than the labora- 
tory data, a trend also observed in stage 9 and indicating die possibility of I 2 degradation between 
sample time and sample analysis. Though a complete analysis will be presented in the stage 10 final 
report, the preliminary data indicates that the I 2 sensor performance was acceptable. 

The PCWQM TOC and I 2 sensor experienced anomalies during stage 10 that required each 
sensor to be taken off line for a period of tune to complete repairs. An LED in the I 2 sensor failed on test 
day 41 and was replaced on test day 65. This failure is not considered to be a design issue, as the LED 
passed class S requirements for electronic semiconductors. The TOC sensor experienced three mem- 
brane failures during stage 10. Two membranes failed on test day 8 because the membrane housing was 
not tightened sufficiently, allowing process H 2 0 to leak past the seal. To facilitate a time ly repair. 
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a commercial O-ring was used for the repair of one of the membranes. On test day 85, this membrane 
again failed because the commercial O-ring was deficient. After die O-ring was replaced, no further 
anomalies occurred with the TOC sensor. 

The WP operated for =1,130 hr in processing mode, 260 hr in reject mode, and 2,120 hr 
in standby mode and produced 17,470 lb of product H 2 0. 

In order to assess the effects of recipient mode operation on the performance of the WP, compo- 
nent expendable rates and effluent H 2 0 quality were compared from stage 10 to previous single-loop 
integrated tests. Table 46 shows the throughput of the WP expendables throughout stage 10 and com- 
pares expendable rates with stages 7-9. 

The Unibed® throughput for two of the three beds loaded was similar to that observed during 
stage 9. The second Unibed® loaded during stage 10 was removed from die WP on test day 83 because 
of a high AP observed across the Unibed®. Subsequent analysis indicated that the inlet screen had been 
coated with a substance containing primarily zinc, SCMT, and large organic acids (Cl 2 through Cl 8). 
Zinc is a cation and will readily form a precipitant with anionic compounds such as a surfactant (SCMT) 
or a large organic acid. This precipitant had deposited on the Unibed’s® inlet spacer and had reduced 
the flow path to the point that the AP across the bed was too high for the process pump. Further investi- 
gation identified two significant sources of zinc in the humidity condensate. The first source is the 
equipment off-gassing ersatz, to which zinc was added to reflect the anticipated level of zinc imparted to 
the humidity condensate from the ISS CHX coating. These data were obtained prior to stage 9, based on 
development work performed at HS. Prior to stage 10, a new CHX was installed in the EEF that 
employed the ISS coating, thus providing additional zinc to the humidity condensate. The presence of 
this coating was not known to test personnel until the investigation following the Unibed® anomaly. 

The filter throughput significantly decreased in stage 10 from previous tests (table 46). The 
decrease in filter life is theorized to have also resulted from the precipitants that caused the Unibed® 

AP anomaly. Analysis of the filter material again detected high levels of SCMT, zinc, and the large 
organic acids. After the zinc was identified as the probable source of the anomaly, it was removed from 
the equipment off-gassing ersatz. Following this modification, the WP prefilter life increased from an 
average of 8 days to an average of 17 days, which is similar to the prefilter life in stage 9. It should also 


Table 46. Expendable throughputs for test stages 7-10. 


Expandable 

Average Throughput (lb 


Stage 10 

Stages 

Stages 

Stage 7 

Filter 

Unibed® 

VRA polishing bed 

1,310 
5,716° 
17, 947.3 d 

2,513 
5,539 
9,1 56 b 

6,647* 

N/A 

6,716 b 

4,798 b 

N/A 

4,605 b 


‘‘Only one filter was loaded during stage 8 
"Expendable was never loaded throughout the test 
"includes only Unibeds* 1 and 3 
"includes water processed in Interim WP test 
N/A— not applicable, different size Unibed*. 
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zinc inthe ersatz(not used in stages 7 and 8), which was worsened in stage 10 because of the additional 
■yinr introduced by the CHX coating. Information obtained during stage 10 indicates that the current 
ISS CHX design will have a zinc concentration of 0.65 mg/L, rather dim die ersatz concentration of 
15 mg/L. Accordin gly , the zinc should have a minimal impact on the ISS. However, other ionic contami- 
nants may form a similar precipitant that would also impact prefilter and Unibed® life. Further- 

more, physical observations made during stage 10 on the percent of filter material loaded indicate that 
the prefilter is not bring fully loaded. A redesign of the prefilter may be required to more fully utilize the 
available weight and volume while also addressing the impact of precipitant formation. 


The VRA polishing bed was expended during post stage 10 testing (discussed later in this TM). 
The bed processed 17,470 lb during stage 10 and an additional 610 lb during poststage 10 testing prior 
to breakthrough. The bed breakthrough was marked by a high concentration of bicarbonate and organic 
acids. It should be noted that an undefined volume of gas was introduced to this bed following the 
removal of the ISS phase separator on test day 38, though the impact of gas on the life of the polishmg 

course of the test to the print that it was near die lower liorit (1 mg/L) of die HjO quality specification. 
This d ecrea s e in the concentration of residual ^ imparted by the bed’s MCV resin has not been observed 
in previous WRT testing. Since this bed was manufactured in 1990^ further analysis will be conducted to 
determine if the bed’s MCV resin experiences degraded performance after remaining in storage for an 
extended duration. 


Another significant hardware anomaly that occurred during stage 10 was the WP GLS, which 
fniwi on test day 38 when a high AP (60 psid) was observed across it This component was procured 
for use in the test because it was baselined for use in the flight design. The component was replaced with 
the g used in stage 9. The stage 9 GLS was unable to remove all free gas from the product H 2 0 for 
«6 days, after which it performed without incident for the remainder of the test. An analysis of the failed 
GLS at HS indicated that the hydrophilic membrane had chemically reacted with a contaminant and 
become impenetrable to the flow of H 2 0. Further analysis detected the presence of phthalate esters on 
the hydrophilic membrane, though no obvious source for this cont aminant has been identified. A similar 
failure of this GLS design occurred in the early human testing initiative phase IIA test at JSC. Though 
the analysis of the phase HA membrane indicated a similar failure me c h a n ism, laboratory analysis 
detected the presence of fluorocarbons and hydrocarbons instead of phthalate esters. These data suggest 
that the hydrophilic membrane is sensitive to an array of organic compounds. Since only trace levels 
of these organics should have been introduced to the GLS, the GLS may require a redesign to enable 
it to perform in this environment. 


Table 47 summarizes the H 2 O quality data at various points in the WP and compares the data 
to that generated during stage 9. The technologies employed by the WP for contaminant removal per- 
formed as anticipated in stage 10. Conductivity levels were reduced by over 99 percent in the Unibed® 
train, indicating the bed’s ion exchange resin effectively removed the ionic contaminants present in the 
wastewater. Approximately 96 percent of the wastewater TOC was removed in the Unibed® train. The 
TOC removed in the Unibeds® would consist primarily of the surfactant SCMT and the organic acids. 
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Table 47. Water quality, 


WISUWIIW* 

Parameter 

Units 

Ratable 

Spec. 

Stage VII 
Detacttea 
Limit 

Stage IS 

StageO 

Times 

Detected/ 

Sampled 

Delected 

Average* 

Times 

Detected/ 

Sampled 

Delected 

Average* 

Conductivity 

jim ho/cm 

m 

- 

112/112 

380 

18/18 

409 

pH 

S.U. 

6-8.5 

0-14 

89/89 

6.9 

18/18 

7.03 

Total organic carbon 

mg/l 

0.5 

1 

89/89 

203 

18/18 

212 

1 -Propanol 

mg/L 

N/A 

0.03 

6/6 

1.7 

16/18 

3.1 

2-Propanol 

mg/L 

m 

0.04 

6/6 

3.5 

18/18 

8 

Acetone 

mg/L 

N/A 

0.05 

6/6 

0.95 

18^8 

2.30 

Ethanol 

mg/l 

N/A 

0.04 

6/6 

5.5 

15/18 

7.49 

Ethylene glycol 

mg/L 

N/A 

0.25 

0/6 

- 

4/18 

1.20 

Methanol 

mg/L 

N/A 

0.05 

6/6 

2.07 

18/18 

3.13 

Urea 

mg/L 

N/A 

0.5 

- 

- 

6/16 

4.67 

Total inorganic carbon 

mg/L 

N/A 

1 

89/89 

11.8 

18/18 

12.5 

Total bacteria count 

CFU/100 mL 

100 

- 

- 

- 

- 

- 

AEM plate count/2 day 

CFU/IOOmL 

- 

1 

- 

- 

15/15 

8.90E+08 

R2A plate count/7 day 

CFU/100 mL 

- 

1 

- 

- 

15/15 

1.06E+09 

| VRA Influent (Port 126} | 

Conductivity 

|imho/cm 

N/A 

* - 

85/85 

1.69 

68/77 

1.99 

pH 

S.U. 

6-8.5 

0-14 

52/52 

7.26 

77/77 

7.11 

Total organic carbon 

mg/L 

0.5 

1 

49/50 

8.41 

60/66 

13.3 

1 -Propanol 

mg/L 

N/A 

0.03 

27/36 

1.31 

57/65 

3.03 

2-Propanol 

mg/l 

N/A 

0.04 

33/36 

3.31 

56/65 

5.78 

Acetone 

mg/L 

N/A 

0.05 

25/36 

0.58 

39/65 

1.23 

Ethanol 

mg/L 

N/A 

0.04 

35/36 

5.52 

62/65 

10.51 

Ethylene glycol 

mg/l 

N/A 

0.25 

29/35 

1.9 

28/47 

1.12 

Methanol 

mg/l 

N/A 

0.05 

35/36 

1.22 

64/65 

1.15 

Urea 

mg/l 

N/A 

0.5 

13/19 

3.62 

57/61 

3.67 

Total inorganic carbon 

mg/l 

N/A 

1 

2/50 

1 

0/68 

- 

Residual iodine 

mg/L 

15 

0.1 

0/20 

- 

0/17 

- 

| VRA Effluent (Port 127) 

Conductivity 

nmho/cm 

N/A 


86/86 

2.04 

80/80 

2.12 

pH 

S.U. 

6-8.5 

0-14 

22/22 

6.95 

81/81 

6.66 

Total organic carbon 

mg/L 

0.5 

0.2 

52/52 

0.28 

69/77 

1.6 

1 -Propanol 

mg/L 

N/A 

0.03 

- 

- 

32/37 

0.19 

2-Propanol 

mg/L 

N/A 

0.04 

- 

- 

4/37 

0.14 

Acetone 

mg/L 

N/A 

0.05 

- 

- 

28/37 

0.37 

Ethanol 

mg/L 

N/A 

0.04 

- 


5/37 

1.25 

Methanol 

mg/l 

N/A 

0.05 

- 

- 

25/37 

5.1 

Urea 

mg/L 

N/A 

0.5 

- 

- 

0/18 

- 

Residual iodine 

mg/L 

15 

0.1 

- 

- 

6/6 

3.63 

| Product Tank (Port 120) | 

Conductivity 

limho/cm 

N/A 

_ 

128/128 

1.95 

51/51 

2.25 

pH 

S.U. 

6-8.5 

0-14 

125/125 

6.80 

51/51 

6.27 

Total organic carbon 

mg/l 

0.5 

0.2 

128/128 

0.30 

42/42 

0.46 

1 -Propanol 

mg/L 

N/A 

0.03 

0/20 

- 

33/42 

0.17 

2-Propanol 

mg/l 

N/A 

0.04 

4/20 

0.14 

3/42 

0.06 

Acetone 

mg/l 

N/A 

0.05 

4/20 

0.12 

28/42 

0.23 

Ethanol 

mg/L 

N/A 

0.04 

2/20 

0.16 

0/42 

- 

Ethylene glycol 

mg/L 

N/A 

0.25 

0/20 

- 

0/42 

- 

Methanol 

mg/L 

N/A 

0.05 

4/20 

0.21 

28/42 

0.27 

Urea 

mg/l 

N/A 

0.5 

0/20 

- 

0/42 

- 

Residual iodine j 

mg/l 

15 

0.1 

128/128 

2.34 

51/51 

3.3 

Total bacteria count 

CFU/100 mL 

100 

- 

- 

- 

- 

- 

AEM plate count/2 day 

CFU/IOOmL 

- 

1 

25/113 

1 

8/42 

1.1 

R2A plate count/7 day 

CFU/100 mL 

— 

1 

26/113 

1.4 

16/41 

1.4 


Averages are based on the samples In which detectable concentrations were measured and do not account tor samples in which detectable 
concentrations were riot found 

b $tage 10 data based on prelitter effluent (port 134), stage 9 data based on waste water tank (port 124). 




Product H 2 0 TOC and oiganic characterization data confirm that the reactor redesign was effec- 
tive at die removal of organics in the reactor influent The rise in TOC over the course of a process cycle 
(seen in stage 9) was not observed in stage 10. As shown in table 47, only trace levels of acetone, 
2-propanol, ethanol, and methanol were detected in die product H 2 0. The TOC levels observed in 
stage 10 were the lowest reported in any of the WRT stages. 

Conductivity levels were consistendy low in the product HjO, indicating the absence of any 
significant level of ionic cont aminan ts. As with previous testing, the pH of die product H 2 0 fell below 
the potable specification on several occasions due to the absence of ionic contaminants needed to buffer 
the H 2 Ols pH. Residual I 2 levels were maintained within die potable specification of 1-4 mg/L during 
die test, though there was a gradual decrease in the 1% level during the test as the MCV resin in the ion 
exchange bed was depleted. This decrease in the biocide concentration was not accompanied by any 
increase in the microbial population or change in the product H 2 0 microbial species. 

The data obtained in die microbial analysis of die system show that the WP’s ability to control 
the microbial population was unaffected by recipient mode operation. Analysis of the product H 2 0 
shows that there was no increase in the population of any microbial species over the course of the test. 
During the teat, 78 percent of both die Hetetotrophs mi microbial growth media (R2A) media and 
aerotolerant eurtropic mesophilic on Chocolate Agar media plate counts were <1 colony forming unit 
(CFUyiOO mL. The highest plate count reported during the test was 12 CFU/100 mL, well below the 
potable specification of 100 CFU/100 mL. As in previous WRT tests, all bacteria cultured in product 
H 2 0 samples were identified. The bacteria most frequently identified in the product H 2 0 were Staphylo- 
coccus and Bacillus, which is typical of previous WRT data. None of the bacteria isolated from the 
product H 2 O samples are considered to be a health hazard. Additional media was used in an attempt to 
culture bacteria dud do not grow well on Chocolate Agar or R2A media. These bacteria included Salmo- 
nella and toxigenic E. Coli. None of these pathogens were isolated from product H 2 0 samples during 
the test 

Biofilm coupons were used during the test to assess the extent of biofilm accumulation in die 
WRT plumbing. This effort along with the ongoing biofilm life test at MSFC, addresses the issue 
related to the accumulation of biofilm in ISS plumbing and the potential for blocking H 2 0 flow and/or 
corrosion of die tubing. Two sets of coupons were installed prior to the initiation of testing, one located 
in the product H^O distribution bus immediately upstream of the shower ami the other between the WP 
particulate filter and the first Unibed®. Each set contained five sections of tubing, each 2 in. in length 
and connected by quick disconnects. The wastewater coupons were 0.25 in. 316 L SS and the product 
H 2 0 coupons were 0.5 in., 316 L SS. Each month one section of tubing was removed from each set and 
analyzed for biofilm formation. Analysis of the coupons showed insignificant biofilm activity in the 
product H 2 0 coupons. The wastewater coupons exhibited limited tnofilm formation as anticipated in a 
test of this length. The organisms isolated in the wastewater biofilm coupons were typical of those 
observed in tills portion of die WP. Further analysis will be presented in the stage 10 final report regard- 
ing the depth of die biofilm formation and any biofilm activity on the SS tubing. 

At the conclusion of the integrated testing, die WP underwent a viral challenge to verify its 
ability to meet the ISS specification of <1 plaque forming unit (FFU) per 100 mL. The WP had been 
challenged with viruses in the wastewater during stage 9, with die resulting data showing no viral 
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contamination downstream of the MFB’s. In stage 10, the viruses were injected between the MFB’s and 
the VRA to ascertain the ability of the VRA for viral removal. The viral solution was seeded with four 
bacterial viruses (bacteriophages) so that the VRA influent was at a concentration between 1x10** and 
1x10 s PFU/100 mL. Bacterial viruses were used to avoid any safety concerns associated with human 
viruses and were selected to represent specific human viruses that would be considered dan gerous and 
likely to be found in H 2 0. The challenge was run for 5 days while samples were taken in the reactor 
influent and effluent for subsequent analysis. Of the four viruses assayed, two were not detected in any 
samples following the reactor, one was recovered at low levels in one out of ten samples, and the other 
was recovered at low levels in three out of ten samples. The viral removal capability of the reactor was 
estimated to be a minimum of 12 log units. In contrast, conventional H^O treatment systems achieve a 
reduction of «6 log units of viruses. These results indicate that the VRA is very effective at inactivating 
a laige viral population. Combined with the results from stage 9, these findings indicate that the WP has 
an excellent capacity for reducing the disease hazards posed by viruses in the H 2 0 being processed for 
potable use onboard the ISS. 

Following the completion of stage 10, the H 2 0 recovery system was modified to reflect operation 
anticipated in the ISS early hab configuration, illustrated in figure 73. In this evaluation, the VCD oper- 
ated as it had in stage 10. However, the interim water processor (IWP) processed only urine distillate and 
humidity condensate. Also, the IWP’s Unibed® was replaced with a small bed of IRN-150 for the 
removal of ionic contaminants from the wastewater. A summary of the five processing runs and the 
resultant data is provided in table 48. 



GriMItt Equipment Facility 


Figure 73. WRT system, early hab configuration. 
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Ibble 48. Interim water processor evaluation — data summary. 


II 

Humidity 

Condensate 

m 

Urine 

Distillate 

(lb) 

Time 

(hr) 

pa 

MhMt 

PindnoHitHti 

m 

Product 

Water 

TOC* 

(mfl/L) 

il.ndnrl 

rTfUM 

Water 

Conductivity 

(P*) 

1 

38.4 

34.1 

4.1 

28 

1.2 

219 

2.3 

2 

29.2 

33.5 

3.9 

34 

1.3 

490 

1.6 

3 

46.1 

35.0 

5.0 

38 

1.3 

414 

2.0 

4 

63.8 

50.9 

7.2 

47 

3.0 

376 

4.8 

5 

49.2 

34.9 

5.1 

43 

3.3 

272 

3.2 


‘Product water TOC calculated from average PCWQM TOC during process mode. 


Approximately 400 lb of wastewater was processed during the IWP evaluation. The IRN-150 
resin provided acceptable removal of ionic contaminants, based on an effluent conductivity ranging from 
1.2-3.3 /imhos/cm. The TOC level in the reactor influent was *4 times higher than in stage 10, since no 
media for the removal of organics was employed before the VRA. However, the VRA successfully 
oxidized and removed the organic constituents to TOC levels ranging from 219-490 jtg/L in the product 
H 2 0. No anomalies occurred during this test to indicate that the IWP would not be able to meet the 
requirements of potable H 2 O provision during the ISS early hab configuration. 

In early 1997 the Mir Space Station experienced several coolant leaks that allowed ethylene 
glycol to escape into the atmosphere, condense in the humidity condensate (at a concentration reported 
initially to be 160 mg/L), and subsequently enter the potable WP. The elevated levels of ethylene glycol 
exceeded the removal capability of the processor and contaminated the potable drinking H 2 0 supply. 
Based on this experience, NASA management requested ah evaluation of the WP to determine its ability 
to remove a similar level of ethylene glycol. To complete this evaluation, the appropriate wastewaters 
were generated in the EEF and fed to the WP. Additionally, a spike of ethylene glycol was added to 
cimnintP! its concentration in the wastewater if a coolant leak occurred on the ISS similar to that observed 
on the Mir. A summary of the significant test data is provided in table 49. The concentration of ethylene 
glycol was increased on test day 4 to reflect its concentration in the wastewater in the early habitation 


Table 49. Summary of test data in ethylene glycol evaluation. 


Test 

Day 

Waste- 

Water 

Input* 

(lb) 

Ethylene 

Glycol 

Concentration 1 

(mg/L) 

Process 

Time 

(hr) 

Reactor 

Influent 

TOC 

(mg/L) 

Reader 

Intinant 

Conductivity 

(1*) 

Han Jmi* 

rnKHHrt 

Water 

TOC 

(mg/L) 

Water 

Conductivity 

(US) 

1 

116.6 

209 

8.1 

23 

1.7 

0.29* 

1.1 

2 

98.7 

211 

6.6 

11 

1.7 

0.18* 

1.0 

3 

97.5 

208 

6.7 

186 

3.8 

1.6 

6.9 

4 

98.4 

620 

6.5 

142 

3.3 

10.1 d 

11.3 


‘included 1-diy requirements for shower, handwash, oral hygiene, wet shave, urine distillate, 
end ersatz solutions for humidity condensate ami animal condensate 
^Represents concentration hi humidity condensate 
''TOC values calculated from average PCWQM TOC 
“TOC values measured from archived sample. 
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configuration (where wastewater includes only humidity condensate and urine distillate) in the event of 
an ethylene glycol leak. All amounts of ethylene glycol added were higher than those initially reported 
on the Mir to provide a more difficult challenge for the WP. However, data reported subsequent to the 
completion of this test indicated that the ethylene glycol concentration in the Mir humidity condensate 
reached *350 mg/L, thus only the last day of this test provided a scenario more challe ngin g than that 
observed on the Mir. 

The concentration of ethylene glycol in the Unibed® effluent decreased during the 4-day test. On 
the first day the reported concentration was 40.3 mg/L, which is similar to the expected concentration in 
the wastewater. However, the ethylene glycol concentration dropped to 0.45 mg/L on the second day and 
<0.25 mg/L on the last 2 days. Conversely, the concentration of ethanol increased from 1.9 and 3.4 mg/L 
on the first 2 days to 9.6 and 12. 1 mg/L on the last 2 days. These data indicate that the ethylene glycol is 
reacting in the Unibed®, partially to ethanol while other byproducts are unknown at this time. The 
removal of ethylene glycol in the Unibed® was also observed in the stage 9 test, though at lower waste- 
water concentrations than employed in this evaluation. Though the ethylene glycol was not present 
in the reactor influent on the last 2 days of the evaluation, product H 2 0 analysis indicated that the 
reactor performance did degrade during the last 2 days of this test PCWQM analysis of the product H 2 0 
indicated elevated TOC and conductivity levels. Furthermore, laboratory analysis of the product H 2 0 
indicated the presence of high levels of acetone (4 mg/L), methanol (0.4 mg/L), 2-propanol (0.3 mg/L), 
ethanol (0.3 mg/L), isobutyric acid (3.8 mg/L), and formic acid (0.75 mg/L). The presence of these 
contaminants indicates two conditions. First the presence of ionic con tam inants indicates that the VRA 
ion exchange bed was saturated after 18,100 lb of throughput during stage 10, the IWP evaluation, and 
the ethylene glycol evaluation. The saturation of the ion exchange bed during the ethylene glycol evalua- 
tion was simply coincidental and has no bearing on assessing the WP’s ability to effectively remove 
elevated levels of ethylene glycol. 

Of greater significance, the presence of acetone and alcohols indicates that the reactor was not 
able to fully oxidize the contaminants in the reactor influent. As stated previously, the reactor employed 
during stage 9 was unable to achieve the complete oxidation of 2-propanol, resulting in elevated levels of 
acetone in the product H 2 0. During stage 10, the modified reactor successfully removed all organics in 
the reactor influent. The presence of acetone during the ethylene glycol evaluation indicates that the high 
concentration of organics in this test prevented the reactor from completely oxidizing all organic con- 
taminants in the influent, primarily acetone. Though ethylene glycol was not present in the reactor 
influent on the last 2 days, it likely caused the high concentration of organics that resulted in elevated 
organic levels in the product H 2 0. 

The data generated in the ethylene glycol evaluation are inconclusive. The removal of ethylene 
glycol in the Unibed® by a means yet unknown leads to uncertainty in assessing the WP’s ability to 
effectively remove this contaminant from the WP wastewater. Though the level of organics in the prod- 
uct H 2 0 was above nominal and the TOC requirement was not met, it should be noted that, under ISS 
conditions, the product H 2 0 would be reprocessed as the PCWQM reported TOC levels above the 
potable requirements. In conclusion, this test indicates that the removal of significant levels of ethylene 
glycol would require, in a worst-case scenario, reprocessing to meet the potable requirements. 
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6.7.4 Conclusions 


The stage 10 test provided valid test data for verifying the operation of the ISS WRM in an 
infryiteH, recipient mode operation. This test demonstratedthat the WRM has the capability to remove 
contaminants introduced to the system by the various w ast e w a t e r s and prevent the accumulation of 
contaminants in the system. Though the amount of fuel cell H 2 0 added during the first half of recipient 
mode operation exceeded the expected level trace contaminants not effectively removed by the WP 
would be kept in the system by using WP product H2O aa the fuel cell HjO ersatz, rather titan diluting 
the system by using facility H 2 0 as flie fuel cellH 2 0 ersatz. Furthermore, when fuel cell H 2 0 was 
mintmiT-d during the last half of the test product H 2 0 quality maintained a level well within the potable 
specification. 

The WRM 1^0 management during recipient mode operation indicated a potential issue related 
to product H 2 0 availability. Though off-nominal conditions in the WRM system mass led to lack of 
product H 2 0 availability, the occurrence of this scenario in stage 10 requires additional analysis to 
ensure that it does not occur on the ISS. 



urine, flush H 2 0, and CHeCS waste to the UP. Operational issues with the solid tablets were resolved 
during the test, while performance data indicate that the tablets can provide adequate urine pretreatment 
without involving the safety and long-term storage issues associated with liquid pretreatment. 

The UP recovered -88 percent of the wastefeed while providing the WP with urine distillate that 
met its H 2 0 quality specification. The VCD’s Vespel® gear failed during the test after -8,000 hr of 
operation, which is acceptable for this component. High levels of precipitant observed in the brine tank 
during replacement of the brine tank filter will be investigated by analysis and additional testing. 

The WP provided the highest product H 2 0 quality observed in integrated WRT testing at MSFC. 
Modifications to the VRA design, especially the reactor, resolved anomalous performance observed in 
stage 9 related to the oxidation of acetone. TOC, conductivity, and microbial levels were well below the 
potable H 2 0 requirements. Significant anomalies during the test included the abbreviated life of the 
second Unibed® and the prefilter due to precipitant formation and the failure of the G/LS. Though the 
'* o n < Tnt r nt i nn of zinc in this test is significantly higher than the expected ISS concentration, other cations 
may also cans* precipitation of this nature. Design modifications will therefore be considered to enable 
the WP to better handle this potential issue. Modifications to the G/LS design will be considered to 
determine the approach best suited for the VRA application. 

The viral challenge of the VRA further validated the ability of the WP to remove viral contami- 
nants. Test data showed that the VRA has the potential to remove -12 log unit of viral contaminants. 
Since stage 9 test data also indicated that the Unibed® has an excellent capacity for viruses, the overall 
capability of the WP for removing viral contaminants appears to be excellent. 

Two separate tests were conducted following the conclusion of stage 10 to address ISS program 
issues. The performance of the WP, modified to reflect the early hab configuration, was excellent. Over 
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400 lb of urine distillate and humidity condensate were processed to product H 2 0 that met the potable 
specification. This test verified that the UP and IWP design can provide potable H 2 0 to the crew from 
pretreated urine and humidity condensate. The performance of the WP when processing high concentra- 
tions of ethylene glycol was inconclusive. Though the test data show that ethylene glycol was not 
present in the product H 2 0, its high concentration in the wastewater likely impacted the reactor perfor- 
mance and the product H 2 0 quality. Though further analysis and testing would be required to conclu- 
sively complete this evaluation, the data generated do show that potable H 2 0 can be produced in this 
scenario, though reprocessing may be required to meet the potable requirements. 

The OGA produced 994 lb of 0 2 from 1,120 lb of WP product H 2 0 during stage 10. No hard- 
ware anomalies were experienced during the test, though a steady increase in the SPE cell voltage will 
be further assessed in the OGA life test. The focus of this investigation will be to isolate the cause for the 
cell voltage and make whatever design modifications are necessary to alleviate the rise and thereby 
lengthen the life of the cell stack. 

Overall, this test demonstrated that the WRM hardware can provide potable H 2 0 for crew use 
under the appropriate operational scenarios. Issues identified during stage 10 will be investigated and 
resolved as necessary to ensure the safe and successful operation of the WRM on the ISS. 



7. LIFE TESTING 


Testing ccwKhM^ to determiiw life characteristics inclinkbotfi subitem and component level 

taring Subsystems tested include the 4BMS, TCCS, solid polymer electrolysis, Oj generator, and VCD 
UP. Component-level life testing includes the MCA, H 2 0 degradation study, WEM biofilm test, and the 
THC Systran CHX microbial growth test. 

7.1 Four-Bed Molecular Sieve 28 


The 4BMS life test startup was achieved in January 1993 with die lest continuing until November 
1995 when sorbent bed heaters failed. The 4BMS life test resumed in January 1997 after delivery and 
replacement of the sorbent bed heaters. A flight-like blower was procured and installed in the subsystem 
in September 1997. 

A s ignificant of this test was that some of the adsorbent material was migrating past 

the pnnmwmwit screens and coating the internal surface with dust. The flight containment design was 
updated to include a finer mesh screen and batting material, in addition to a bead of silicon sealant, 
to provide a continuous seal that prevented the material from leaving die sorbent bed. 

This test determines the life characteristics of the desiccant and CO 2 material. There has been 
no noticeable degradation in performance of die bed material after 28,128 hr of testing. The flight-like 
4BMS blower has operated 4,224 hr without anomaly. The blower was removed from the system 
for routine inspection on September 15, 1998. No visible dust collection on the blower housing was 
observed. 


7.2 Trace Contamhumt Control Subassembly 28 


The TCCS life test began in November 1992 and concluded in January 1995. The purpose was to 
test the TCCS high-temperature catalyst for its thermal stability. No degradation in catalyst performance 
was noted after 18,288 hr of testing. 

The life test showed that the TCCS high-temperature catalyst life was longer than previously 
estimated While the ISS logistics plan calls for the catalyst replacement every 180 days, this life test 
showed that under nonpoiso ning conditions, the catalyst will remain effective in excess of 2 yr. 


A TCCS catalyst poisoning test investigated catalyst poisoning using a subscale bench test. The 
ISS catalyst was ex posed to various poisoning agents at different concentrations . Test results indicated 
that catalyst material was poisoned by dichloromethane, fiteon-1 13, and halon-1301 but was easily 
regenerated with pure air at operating conditions of die catalyst. Hydrogen sulfide irreversibly poisons 
the catalyst but is readily adsorbed by SS at operating conditions. This testing, in addition to the MSFC 
life testing, shows that die operational life of the TCCS catalyst can be extended to the life of the ISS. 
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7.3 Solid Polymer Electrolyzer 28 


The SPE 0 2 generator testing at MSFC included a 30-day performance test conducted in 1995, 
limited daily testing Februaiy-May 1996, and is on-going. This test identifies cell degradation or other 
long-term effects. 

7.3.1 Test Summary 29 

The production summary (table 50) includes all testing conducted since the refurbished SPE 
OGA testing began at MSFC in August 1995. The operating hours commenced at zero and are currently 
at 9,408 (just over 1 yr). The total 0 2 produced is 2,834 lb mass (lbm), and the total H 2 produced is 
354 lbm. 


The type of feedwater consumed is important data, and is tabulated in table 50. 

Table 50. SPE OGA feedwater. 


Feedwater 

Amount 

(lbm) 

Stage 9 potable wate 

583 

Stage 10 potable water 

1,119 

Stage 10 interim WP (reduced quality) 

234 

Deionized water (between stages 9 and 10) 

332 

Deionized water (after stage 1 0) 

920 

Total potable (iodinated) feedwater 

1,936 

Total deionized feedwater 

1,252 

Total feedwater 

3,188 


One of the concerns of the testing is the cell stack potential increase that has occurred during 
the life test. This increase has not yet been explained or characterized. It is desirable to operate the SPE 
OGA continuously (without shutdowns) to provide more information on the phenomena, but this has not 
yet been possible because of scheduling and modifications required for other testing and many shut- 
downs not caused by the SPE OGA. The longest period of continuous operation thus far has been 
30 days, with the next longest period 14 days. Figure 74 illustrates the potential over the total MSFC 
testing, in operating hours. In general, a drop or jump in potential indicates a shutdown. 

Anomalies due to occurrences outside the SPE OGA will not be discussed in this TM. In this 
reporting period, there has been a relay failure in a commercial power supply, and a leak in the flight- 
like H 2 phase separator. The investigation on the H 2 separator leak has not been completed, but the 
following information is provided. 

Evaluation of past data has revealed that the leak began in May 1997, and increased in severity 
until a shutdown occurred on March 2, 1998. The SPE OGA combustible gas sensor at the 0 2 outlet, 
which detected the failure, is set at 25 percent of the lower explosive limit for H 2 in 0 2 . Both the redun- 
dant sensor in the 0 2 outlet and the test facility sensor detected the increase. 
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Figure 74. SPE OGA potential versus time. 

The H 2 phase separator was sent to HS, the provider of the SPE OGA, for evaluation and refur- 
bishment The leak location was determined to be on the inlet (two-phase) side of the membrane. 

A particle, which was not found, appears to have beat wedged between the screen and the membrane. 
fYtmp n nnHing the effect of the particle on the membrane, the tear in the membrane is adjacent 
to a screen on the opposite side of the membrane. 

The H 2 phase separator was refurbished to the original design and cleanliness standards, and was 
reinstalled in late August 1998. Life testing was resumed. Alternative separator development may be 
conducted separately from the SPE OGA life test. 

Testing has been extended, since the actual operating time will be <1 yr and the cell stack opera- 
tion and life has not yet been characterized. The SPE OGA is also planned to provide H 2 for Sabatier 
C0 2 reduction testing. 

7.4 Mqjor Constituent Analyzer Sample Pumps and Filament Assembly 30 

The MCA is the system designed to monitor the atmosphere of the ISS for H 2 , 0 2 , CH 4 , N 2 , 
C0 2 , and H 2 0. The analyzer receives samples from the cabin atmosphere via the sample distribution 
system (SDS) and uses MS to determine relative concentrations of each specie. 

Due to the major differences between predevelopment-level MCA hardware and the flight 
ikdg n , and the cost associated with obtaining an entire MCA system, the decision was made to build 
test beds containing the components of the system most likely to fail and whose failure would make a 
signi ficant impact to the operation of the system. The two components chosen for extended duration 
testing were the sample pump and the filament assembly. 
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'Die sample pump test stand contains eight pumps, a power supply, timer, and a vacu um p ump 
along with appropriate gauges to measure and control the system. Ideally, there would be a separate 
power supply for each pump, but due to the cost associated with that piece of hardware, it was decided 
to use a single power supply and individual potentiometers to control the power for each p ump Due to 
the series configuration of the pumps, the setting of one will affect the others, but since the pumps are all 
in the same range, a little extra attention should keep this factor from becoming too significant. 

was uncertainty concerning the sample pumps during previous design reviews, and 
improvements to the design have been made to address some of these concerns. The life testing program 
at MSFC should provide valuable data to factor into the understanding of this system’s operation and 
maintainability. 

On July 16, 1996, the MCA sample pump life test assembly was checked out, and the unit was 
burned in over the next several days. By August 14, 1996, high pump pressures and flows were 
observed, and the test was discontinued. The pump problems resulted from a tolerance buildup design 
between the pump shaft assemblies and the pump cain (a sleeve that fits over the pump shaft). Pump 
design was corrected to include tighter tolerances, and the configuration was changed. Testing resumed 
with the new configuration, on July 21, 1997. 

All eight sample pumps in the MCA life test failed. A failure analyses report. Orbital Science 
Corporation (OSC) document design file memo No. 503, described sample pump Nos. 2, 4, and 8 
failures as: 

“...loss of lower pump bearing to rotor shaft attachment. This review further found the method 
of attachment by the manufacturer to be prone to variation. This loss of attachment resulted in relative 
motion of inner bearing race to shaft at operational speeds. This in turn led to abrasion of the shaft to the 
point where notching of the shaft caused wobbling of the rotor in a direction opposite to the offset 
displacement of the eccentric bearing driving the crankshaft. This effectively reduced the stroke of the 
crankshaft/yoke and the attached diaphragms, thereby resulting in reduced pumping efficiency and 
eventual out-of-specification performance.” 


Sample pump Nos. 2, 4, and 8 failure analyses resulted in a revision to the source control draw- 
ing to impose tighter controls on the pump vendor. This drawing explicitly calls out an interference fit 
between the bearing inner face and the rotor shaft. Table 51 shows the sample p ump test durations. All 
pumps started a 12-day bum-in on July 4, 1997, and began operation on July 21, 1997. 


Table 51. Sample pump test duration. 


Sample 

Pump 

No. 

Failure 

Date 

Total 

Ufa 

(Daya) 

Operational 

Ufa 

(Daya) 

1 

4/15/98 

285 

273 

2 

10/7/97 

95 

83 

3 

5/19/98 

319 

307 

4 

10/15/97 

103 

91 

5 

5/27/98 

327 

315 

6 

8/6/98 

398 

386 

7 

9/24/98 

447 

435 

8 

10/22/97 

110 

98 
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Results of the MSFC testing have caused the supplier of the MCA to place tighter controls 
on manufacturer tolerances for the sample pumps. Sght of the new pumps with design modificatiom 
ate on older by ION Corporation and should be delivered in January 1999. They will then be placed 

on life testing. 

The filament assembly contains four filaments mounted inside a vacuum chamber (with a sight 
glass provided for periodic observation), a roughing pump, an ion pump, a power supply, and other 
associated equipment From past experience, the filaments are expected to last *2 yr. 

The filament assembly test was started August 13, 1996. The test shut down on February 16, 
1998 after ^S^ys erf operation. In summary, because the sample pump was disconnected (inoper- 
able), the system pressure increased above the acceptable level to operate the filaments. The increase 
in system pressure would have tripped the protection relay, however,the power supply was not con- 
nected properly into the protection relay and the filaments failed. The system is designed so when the 
system pressure increases, the protection relay disrupts power to prevent filament failure. In conclusion, 
die filament assembly life test failure resulted in improper test stand configuration. 

Planing is underway to procure a replacement filament assembly. This new assembly should be 
delivered during 1999 and life testing resumed. 


7.5 


Life Test 31 


The purpose of the VCD UPA life test was to provide for long-duration operation of the VCD at 
normal ISS operating conditions to determine the useful life of the hardware, specifically the flight-like 
components. The VCD design has evolved considerably over the past 20 yr. Since it was initially devel- 
oped, improvements include changes in the peristaltic fluids pump, improved sensors, modifying the 
shape of the distillation centrifuge to a tapered drum, and improvements to the compressor. The materi- 
als ^ve been upgraded to withstand the harsh environment inside the assembly, but long-term testing of 
a complete VCD/UPA (with fligjit-like components) to determine the life characteristics of mechanical 
components under simulated on-orbit conditions had not been done. The VCD/UPA contains mechanical 
design features which inherently have limited life, such as the peristaltic pumps. The life test was 
planned so that the VCD/UPA would be tested in the way that it will operate on orbit (with operation 
for a portion of each day) rather than running continuously, as the manufacturer. Life Systems, Inc., 
(LSI) had done during previous testing. The on-off operation presents a more severe con tion or e 
mechanical components and, therefore, would reveal design problems not apparent during previous 

testing. 


7.5.1 VCD/UPA Process and Hardware Description 

The VCD/UPA is a phase-change H 2 0 recovery technology which will reclaim 1^0 ^murine 
and other ISS wastewaters. T\vo VCD/UPAs were tested, designated the VCD-5 and VCD-5A. The 
process and hardware are described in section 5.7. 


The VCD-5 and VCD-5A were flight-like as indicated in table 52. Considering the components 
by ISS UPA ORU, the function, capacity, material, and final design aspects are compared with the ISS 
UPA. The controller for the VCD-5 and VCD-5 A is a 400 series life systems controller. The controller 
for the ISS UPA is the next-generation controller, with a new design having additional capabilities, 
particularly with regard to self-diagnostics (e.g., fault detection and isolation). 


Table 52. VCD-5 and VCD— 5 A flight-like characteristics. 



FI 

Ight-Uke Characteristics 1 


| Flight-Like Characteristics* 1 

ORil/Component 

Function 

Capacity 

Material 

Design 

ORU/Component 

[Function 

I Capacity 


I Design 

Pressure Control Assembly 





Disstillation Assembly 




«■ 

Membrane separator 

V 

V 

V 


(coni) 





Pressure sensors 

V 

V 



Bearings 



V 

V 

Valves 

V 

V 



Pulleys 




v 

Check valve 

V 

V 



Insulation 





Microbial filter 
QDs b 

V 




Heat exchanger 


II 







Plumbing 





Housing 0 





Speed sensor 


II 



Ruids Control Assembly 





Liquid level sensor 



V 


Conductivity sensor 

V 

V 



Compressor 

V 

V 

V 

V 

Pressure sensor 

V 

V 



Temperature sensor 

V 




Relief valves 

V 

V 



Demister 

mm 




Check valves 

V 

V 



Shaft assembly 

■fli 

■fl 



Valves 

V 

V 



End hub 

V 

V 



Microbial check valve 





Stationary bowl 

V 

V 



(noton the5A) 

V 

V 

V 


Front plate 

V 

V 



QDsb 





QDsb 





Housingb 

Controller 

Controller 

V 

V 



Fluids Pump Assembly 
Pump 
Motor 

V 

V 

V 

v 

V 

V 

Wastewater Storage 





Harmonic drive 

V 

V 

v 

v 

Assembly 





Shell 

V 

V 



Bellows 

V 

V 



Tubing 

V 

V 

v 

v 

Position indicator 

V 

V 

V 


Speed sensor (S2) 

V 

V 



Shell 



V 


Speed sensor 6 





Check valve 

V 




QDs 6 





Isolation valve 6 





Purge Pump Assembly 





QDs 0 





Pump 

V 

V 

v 

v 

Recycle filter Tank 





Motor 

V 

v 



Valves 

V 

V 



Harmonic drive 

V 

V 

V 

v 

filter 

V 




Shell 

V 

V 



Shell 

V 




Tubing 

V 

V 

V 

V 

QDs 6 





Cooling jacket 

V 

V 



Distillation Assembly 





Speed sensor (S2) 

V 

V 



Distillation unit 

V 

V 



Speed sensor 6 





Motor 

V 




QDs 6 





Gear 

V 

V 

V 

V 

Membrane gas/liquid 





Magnetic drive 

V 

V 

V 

V- 

separator 

V 

V 

V 



a “^’ indicates that the VCD-5 and VCD-5A component is like the ISS UPA design and is therefore “flight-iike.” If no V is present 
then the component is not “flight-like.” 

“This component is not used bv the VCD-5 or the VCD-5A. 
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1S2 Upgrades From Previous VCD's 

VCD-5 and VCD-5 A are the designations given to refurbished earlier generation VCD s. 
During development of the /SS ECLSS design, the following additional requirements were levied 
on the UPA and incorporated in the VCD-5 md VCD-5 A: 

• Addition of a wastewater storage assembly (facility wastewater tank used for the VCD-5 A) 

• Addition of a coolant jacket to the purge pump assembly 

• Chang e in software operational aspects (i.e., operating modes, mode transitions, and process 
control loops). 

The VCD-5 is the designation given to the refurbished VCD used in the Boeing POST at MSFC. 
The POST VCD had previously been the VCD-4B, the first VCD to include a purge pump in the design 
and use a har monic drive on the purge pump. The VCD-5 life test began on May 6, 1993. The VCD-5 
was used in stages 9 (July 19, 1994 to December 21, 1994) and 10 (October 1, 1996 to March 27, 1997) 

of the WRT. 

The VCD-5 A is the designation given to the refurbished VCD used in the comparative test 
(designated the VCD-4) in 1990 to compare the VCD with the Thermoelectric Integrated Membrane 
Evaporation System (TIMES), previously baselined for use on the ISS. The VCD-4 was not the final 
flight configuration, but allowed performance characterization of the VCD components. The VCD-4 was 
upgraded to be functionally identical with the flight design; at which time it was redesignated VCD-5A. 
The hardware modifications included design improvements to meet the additional requirements. The 
VCD-5A was checked out in early 1993 in building 4755 at MSFC and life testing began on 
January 12, 1993. A purge gas test was conducted in 1996 using the VCD-5A. 

As a result of information gained during fabrication and testing of the VCD-4, the following 
Hffdgn improvements were made for the VCD-5 A: 

• Retrofit of the fluids pump to provide dual support (two bearings) for the shaft, 
rather than the previous cantilevered design. 

• Replacement of the commercial vacuum pump with a dual support peristaltic purge pump. 

• Change from truly tubular weld fittings to Parker weld fittings. 

• Change from the commercial conductivity sensor to an LSI conductivity sensor. 

• Replacement of the helicoil tube-in-shell recuperative HX with a tube-type HX. 


• Addition of a static membrane gas/H 2 0 separator assembly. 


► Addition of fluids pump tubing overpressurization protection. 
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The VCD/UPA life testing was performed at MSFC in building 4755, in the ECLS test facility. 
The test facility provided all necessary utilities and data collection and monitoring capabilities. The 
VCD-5 was located next to the EEF and the VCD-5 A was located in the northwest comer of the north 
high bay. Urine was collected in the EEF and a restroom, and pretreated using Oxone® and H 2 S0 4 
(liquid form and, later, in solid tablet form as planned for use on die ISS) prior to processing in the 
VCD-5A. The EEF was designed, built, and integrated with the ECLSS WRT to provide wastewater 
typical of that expected to be produced on board the ISS. 

1JS3 Test Description and Performance 

The VCD-5 life test began on May 6, 1993, and ran until February 16, 1994, for a total of 
204 test days. A Gantt chart of the VCD-5 operation during this period is shown in figure 75. Additional 
testing was performed during stages 9 and 10 of the WRT. This testing revealed several problems that 
can be directly attributed to QC problems. Most anomalies were related to low centrifuge speed, high 
compressor temperatures, and high condenser pressures. Conditions that recurred but were not listed as 
“anomalies” are short-term, high product H 2 0 conductivity and blockage of the G/LS and pressure 
regulator with Norprene® particles. 
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Figure 75. Gantt chart of VCD-5 operation. 

The results of laboratory analyses of product H 2 0 and brine samples are listed in table 53. The 
product H 2 0 quality was within specification for all parameters for all of these samples (150 /tmho/cm 
conductivity, pH of 3 to 8, and TOC <50). The brine analysis shows an increasing solids content, as 
expected. The exact percentage of solids is difficult to determine. The three methods used to calculate 
the percentage solids show significant variation in calculated percentage, but the trend is the same for 
each of the methods. 
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Table S3. VCD-5 significant events and anomalies. 



Ufa test begin S/7/93 

VCO-S-l* BacuRtog^wliteMmduatobwcintribige s/19/93 Hutchens, 1/13/94 
speed fS4), towpts/Hquid dmw e ntli l pressures. 1/11/94 Long. Salyer 5/25/94 
snd high compressor temperatures (T1) recurring 7/19/94 


High product water conductivity alarms, 
recurring problem 


Leak found in pump housings 
Short hi the DAS 


i.y- .y . rr t * r^rr 


recurring Long, Salyer 


6/4/93 Hutchens. 6/4/93 
Long. Salyer 


[wj 


Hutchens, 
Long, Salyer 


|;w<l 



N/A Hutchens. 1/13/94 
Long, Salyer 


11/4/93 Hutchens. 2/19/94 
recurring Long, Salyer 


Test stopped due to low S4, low PS, and high T1 11/9/93 
Repairs made 1/13/94 


11/19/93 


VCD-5-2 CPU failure 

VCD-5-3* High compressor outlet temperature (T1) 


WRT Stage 9 


9/11/94 Hutchens. 11/9/94 

Long 

9/11/94 Hutchens, 12/22/94 

Long 


WRT Stage 10 


VCD-5-4 

Motor speed controller malfunction 

1/1/96 

Hutchens, 
Long, Salyer 

6/27/96 

VCD-5-5* 

Vespel* particles found in product water 

10/30/96 

Wieland, 

Long 

11/6/96 

VCD-5-6* 

Continued high conductivity (K1) alarms 

mm 

recurring 

Hutchens, 

Long 

10/31/96 

VCD-5-7 

Compressor outlet temperature (11) high, 
due to gas entering the stW at the beginning 
of a cycle 

11/4/96 

Wieland, 

Long 

12/9/96 

VCD-5-8* 

Purge pump failure 

3/21/97 

Wieland, 

Long 

3/24/97 



‘Indicates that a flight-like component is affected. 
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The significant events and anomalies that occurred during testing of the VCD-5 are summarized 
in table 53. The first anomaly related to difficulty at startup with reaching die normal drive speed for the 
centrifuge, high compressor temperatures, and low G/LS pressures. The low centrifuge speed was a 
particularly vexing problem and there were numerous efforts to correct this, including adjusting the 
software. When the other problems led to disassembling the VCD-5, it was found that the drive belt for 
the centrifuge had been incorrectly installed by the hardware supplier, resulting in the low speed. 

A recurring event was high conductivity of the product H 2 0. The procedure was changed to 
include disconnecting the conductivity sensor at the beginning of a processing cycle until the timer reset 
for up to 15 min of additional reprocessing. One effect of this is to reduce the performance by reprocess- 
ing H 2 0 that meets specification. 

Leakage occurred which limited the ability of the purge pump to maintain a vacuum in the still. 
As a result, the pumping rate could not keep pace with the collection of noncondensable gases in the 
condenser. Increasing the duration of the purge helped, hit eventually a facility vacuum pump was 
needed to ensure adequate vacuum. One source of leakage was the drive shaft of the pump. 

The DAS was found to have a short, which was repaired the same day it was found. This did not 
involve flight-like components. 

The pressure regulator and the G/LS were found to be blocked with particles of Noiprene® 
spalling from the purge pump tubes. These components were cleaned and reinstalled. (Further investiga- 
tion of the purge pump tubing problem showed that spalling had occurred in die VCD-5A as well.) 

High compressor temperature alarms occurred repeatedly during the life test. This was also 
related to leakage. Use of facility vacuum to assist the purge pump helped to reduce these alarms, 
but the combination of problems led to stopping the test on November 9, 1993, until repairs could be 
made on January 13, 1994. Beginning on test day 20, a fan was used to cool the compressor motor from 
66 to 42 °C (151 to 108 °F) which eliminated high-temperature shutdowns. Also, software changes were 
made to enable longer purge times since air in the wastewater feed was a factor. Compressor gear wear 
was also a factor and during the repairs, the compressor gear backlash was found to be 0.254 to 
0.305 mm (0.010 to 0.012 in.) versus 0.076 to 0.102 mm (0.003 to 0.004 in.) when new. This is consid- 
ered normal wear for a total running time of 7,400 hr, but near the maximum desired backlash. Particles 
of Vespel® from the compressor gear were also present in the product H 2 0 indicating gear wear. 

To prepare the VCD-5 for the stage 9 WRT, the accelerated life test was discontinued on Febru- 
ary 17, 1994, shortly after the repairs were made (January 13, 1994) that resolved some of the anoma- 
lies. Although the accelerated testing proved valuable, the decision to discontinue it was based upon the 
continuing problems with the VCD-5 resulting from poor QC by the hardware supplier. Repairs were 
made to correct the remaining problems before continuing the testing (stages 9 and 10 WRT’s). 

The second anomaly occurred during the stage 9 WRT, when the central processing unit (CPU) 
failed. (This was not a flight-like CPU.) The MUX card was replaced and testing continued. 
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The thiixl anomaly, recurring high compressor outlet temperatures at the beginning of each 

processing cycle, also occurred during the stage 9 WRT, as well as during previous testing. The cause for 
this is pavity-related, since any free gas entrained in the wastewater collects at die top of the tank where 
the outlet is located. This would not happen on orbit due to more even distribution of free gas throughout 
the wastewat er . Thus, at the beginning of a cycle, this gas is injected into the still before the wastewater. 
Since the gas does not provide evaporative cooling, as the wastewater does, the compressor temperature 
increases until wastewater reaches the still. 

The fourth anomaly occurred during the stage 10 WRT, when the motor speed controller mal- 
functioned. The motor speed controller was replaced by LSI. (The cause of the malfunction was not 
identified The controller was sent to the manufacturer for repair, but was apparently lost) 

The fifth anomaly was the presence of Vespel® particles in the product H 2 0, indicating deterio- 
ration of the Vespel® gear, and the gear was replaced. The quantity of Vespel® particles found in the 
product H 2 0 then decreased as residual particles were swept from the H 2 0 lines. 

The sixth anomaly was the recurring high conductivity of the product H 2 0 at the beginning of a 
processing cycle. The cause of the high conductivity readings was not specifically identified; although 
when the sensor was cleaned, particles of Vespel® were found in the sensor and housing. Another pos- 
sible factor is gas bubbles in the product H 2 0 stream. The conductivity quickly decreased as processing 
proceeded. 

The seventh anomaly was the recurring high temperatures at the compressor outlet (see also 
anomaly three). 

At the S pinning of a processing cycle, high temperatures occurred for *40 min before craning 
down to the desired range. Tire temperature was measured at the outlet of the compressor (ytl) and 
ia^cated the temperature close to the gears. The temperature spiked above the alarm setpoint of 93 °C 
(200 °F) due to the excessive load on the compressor and/or ina de qu a t e cooling of the gears. The high 
temp eratures were eliminated after a sample port was added at the outlet of the wastewater supply tank, 
which enabled free gas to be removed during sample collection before the wastewater enteral the still. 


The eighth anomaly was failure of the purge pump, near the end of the stage 10 WRT. Facility 
vacuum was used for the completion of the test. The pump was then disassembled, but no obvious 
failure was apparent. Upon reassembly, the pump worked properly. 


In 1998, when the VCD-5 was being prepared for subsequent integrated testing, the fluids pump 
was disassembled to investigate the problems with high conductivity at startup and occasionally at other 

of aluminum) was found to be corroded inside. None of tire tubing had failed, but one of the 

clamps holding a recycle-loop tube (on the pressure side of the pump) was very loose, which could allow 
small amounts of brine to be pumped into the housing and then vacuumed out by the purge pump when 
the housings were evacuated. This would explain the high conductivity of the product H 2 0 and the pump 
housing leakage seen during stage 10. In addition, one of the O-rings fell apart when it was removed, 
and looked kinked like it had not been installed properly. 
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The VCD-5A life test began on January 12, 1993, and ran unUl 

days) with additional testing (purge gas test) after some tepaus were ^ 

Zlof 665 test days. A Gantt chart of the VCD-5A openttion is shown m 

wastewater/urine pressed was Z^LJ 9 . 

S^o^^f to^duct HjO^asured by conductivity was\*ll below the specified Unfit 

«tTfor a few momentary spikes. The conductivity incmrced until the recycle filter 

tank was replaced, when it would drop to -25 /raiho/cm. 



The ouree gas test was conducted for 3 wk to collect purge gas maples for analysis to ensure 
.hat thenuree vies would not create a safety hazard during flight experiment operation. The test was 
? U ai P Anrif 94 1 QQ6 due to persistent high compressor motor current draws and high compressor 
^^^C^e gi ^ra^ti ofiastewater ,™i and the distiUate produced 

are summarized in table 54. 
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Table 54. Purge gas test wastewater processing. 



t 

1 







tat Bay 

Batch 1 

Batch 2 

2 

3 

4 

5 

6 

7 

UftaBrocsssed (R>) 

26.68 

26J 0 

44.54 

55.13 

25.79 

37.25 

27.12 

22.71 

OMNIats produced (lb) 

27.65 

25.05 

41.00 

52.20 

23.77 

35.00 

25.16 

2099 

Percent recovery 

103.6 

93.1 

93.4 

94.7 

92.2 

94.0 

92.8 

92.4 

tat Day 

1 

i 

10 

11 

12 

13 

Total 


Urine processed (lb) 

20.06 

13.85 

12.35 

13.23 

12.57 

13.01 

351.19 


Distillate produced (lb) 

17.56 

13.64 

11.20 

12.10 

11.14 

11.93 

328.99 


Percent recovery 

87.5 

98.5 

90.7 

91.5 

88.6 

91.7 

93.7 



The significant events and anomalies that occurred during testing of die VCD-5A are listed 
in table 55. 


Table 55. VCD-5 A significant events and anomalies. 


s 


ONmd 

heft*. 

Bam 

dosed 

Action Is Raaoiva Anomaly 

VCD-5A-1* 

fluids pump stopped due 
to harmonic drive failure 

10/20/92 

Hutchens, 
Long, Salyer 

12/17/92 

Harmonic drive replaced. Can)) 
not determined. 


Test started 

1/12/93 




VCD-5A-2 

Feed Bm check valve allows 
Into the external transfer tank 
backflow 

1/14/93 

Hutchens, 
Long, Salyer 

7/19/94 

Inspect valve and replace datsetiws 
parts. 

VC0-6A-3* 

Harmonic drive failure 

3/30/93 

Hutchens, 

6/24/93 

Oatarminad misalignment caused ! 




Long. Salysr 


failure. 

VCD-5A-4 

Purge pump taHure 

6/25/93 

Hutchens, 

7/1/93 

Faded electronics In the signal 




Long, Salyer 


commoner warn replaced. 

VCO-5A-5 

Compressor differential pressure 

7/2/93 

Hutchens, 

7/9/93 

No action required since the sensor 


sensor (P2) failure 


Long, Salyer 


Is not critical to data evaluation 






and is not Included in the (light 
configuration. 

VCO-5A-6 

Waste recycle pressure sensor 

a/9/93 

Hutchens, 

7/19/94 

Right-tike sensor installed. New 


(P3) failure 


Long, Salyer 


material resistant to corrosive 
environment lhat caused Initial 
Mure. 

VCD-5A-7* 

Peristaltic purge pump tubing 

1/11/94 

Hutchens, 

2/8/94 

An Inspection wM be made 


particles 


Long, Salyer 


periodically to monitor 
buildup of material. 

VCO-5A-6 

Condensor pressure sensor 

8/26/94 

Hutchens, 

12/21/94 

Replaced with sensor made 


(VP1) failure 


Long, Salyer 


ot Haste) toy C. 

VCD-5A-9* 

High T1, high T2, high K1 t 
and water coming out purge line 
(Compressor gears worn out 
after 4,831 hr of operation) 

Facity vacuum used to assist 

11/9/95 

WWand, 
Long, Salyer 

1/19/96 

Replaced compressor gears 
and the drive O-rtng. 


tfw purge pump Mag purge 
qis mono 





VCD-5A-10 

Compressor and tta baorines 
wi not rotate 

6/27/96 

WWand, 

7/31/97 

Compressor and atiti bearings 



Long, Salyer 


rebutit in-house by MSFC personnel 


‘Indicates Hut i IlgliHka component It affected. 
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The first anomaly ocqinnMnring checkout testing of the VCD-5 A at LSI when *1?“ 

failed in a gear speed reduction mechanism in the harmonic drive for. TcteMte 
Hme the drive had operated for =400 hr. The failed part was analyzed at MSFC. However, a demure 
causeof the failure Sold not be determined because the failure surfaces w«™Ka^byme assen*^ 
nneratine after the component had sheared (see the third anomaly for more mformation). The dnve was 
replacedwith a new one of the same design. Previously, the harmonic drives had operated for muc 

longer without failure. 


Circular 

Spline 


Motor Mounting Adaptor 



Drive 

Shaft Bearing 


Flex 

Spline 


Figure 77. Harmonic drive. 

The second anomaly was the failure of the wastewater feed-line check valve on January 14, 

1993. wL allowed wastewater to flow back into the external transfer tankjhre ^ 

affect operation of the VCD and no immediate action was taken to replace the faded valve. The proce 

dure waTchanged to include closing the manual valve at the VCD interface after transfers of wastewater 

from the facility supply. 

The third anomaly was another failure of the fluids pump, after 51 days of testing at 362 hr of 
operation The failure was similar to that which occurred during checkout at LSI. A flex sp one ; m e 
harmonic drive of the fluids pump failed in both cases. The exhaustive 3-mo inv “^ n J' hlch f °‘‘ 
lowed determined that the failures resulted from a slight horizontal misalignment (0.127 mm 
(0 005 in )) introduced into the pump driveshaft during its assembly at the hardware supp lie . 

£ Drive Technologies) said that misalignment of the spline could overstress it and lead 

L fatigue failure. The potential for this problem may have been introduced into the P um P^ u ""^^ fit 
at the hardware vendor^* support the drive shaft at both ends; see sec. 7.5 -2 ^boutAei 
durins orevious testing when the pump drive shaft was a cantilever design, the harmonic dnve operated 
for a much longer period of time. The vendor has implemented use of a new alignment ^ ^ur^ har^ 
wire assembly to ensure proper alignment. This jig will be used for flight hardware assembly. The ^ pump 
was sent back to the suppUer, the part replaced, and the misalignment corrected. Testing resum 
June 25, 1993, but the purge pump did not receive power, due to the fou anom y. 
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The fourth anomaly was failure of the purge pump electron&nii^blem was traced 
to a failed power converter and capacitor on the purge pump controller card. These items were 
replaced and testing resumed on July 2, 1993. This failure did not affect any flight-like components. 

The fifth anomaly occurred when the VCD-5A was restarted on July 2, 1993, and the compres- 
sor differential pressure sensor (P2) was nonfunctional. No actions were taken since the P2 sensor is not 
critical to data evaluation and not included in the flight configuration. 

The sixth anomaly was failure of the waste recycle pressure sensor (P3) on August 9, 1993. This 
sensor is flight-like in function (although the flight sensor will be somewhat different). LSI provided 
a temporary replacement sensor so the failed sensor could be analyzed. The temporary sensor was 
installed on August 30, 1993. Even without the P3 sensor, system backup features would allow operation 

ftf tnA Vr'TV-C A * 


The seventh anomaly was related to the Norprene® tubing used in the peristaltic purge pump. 
This pump uses the same tubing as the fluids pump although it pumps a two-phase mixture, which is 
mostly gre This application was found to cause spalling of the Norprene® which resulted in clogging 
of the G/LS with Norprene® particles. The initial resolution mgg***^ by the hardware supplier was to 
add a filter downstream of the pump to prevent G/LS clogging. An inspection of the air/H.O separator 

was made every 30 days to avoid buildup of particles. 


The eighth anomaly was failure of the condenser pressure sensor (PI). This sensor was replaced 
with a sensor made of Hastelloy C, a high nickel, molybdenum, and chromium alloy that is more 
resistant to corrosion. 

The ninth anomaly involved high-temperature alarms and liquid coming out of the purge line 
The VCD-5A was deactivated until repairs could be made by LSL The operating time on the compressor 
gears and the drive belt was estimated to be 4,831 hr, including time before the life test began. The 
compressor gears and the centrifuge drive belt were found to be worn and were replaced. 

The tenth anomaly was the failure of the compressor and the centrifuge to rotate due to a worn 
compressor and still bearings. More torque was required than the motor generated. The compressor and 
still bearings were rebuilt by MSFC personnel. 

Facility vacuum was used to assist the purge pump when leakage exceeded the pump capacity 

to adequately evacuate the pump housings and purge the condenser. The facility vacuum was connected 
as mown in figure 78. 

* * teSt days 613-665 to VCD-5A processed 460.0 kg (1,01 1.3 lb) of wastefeed, averaging 

®3.6 lb/hr. The recycle filter tank was replaced on test days 626 and 651. 

The results of the life testing of the VCD-5 and VCD-5 A have led to numerous improvements * 
the flight design. For example, lessons leaned about the VCD relate to the critical nature of pump drive 
mechanism alignment and the impacts of QC on system performance. Although the problems have been 
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Outlet 

Manifold 


Figure 78. Facility vacuum connection to the purge and fluids pumps. 


resolved, the number of problems relating to QC and the sensitivity of hardware performance are causes 
for concern. 

The operating lifetimes of VCD components are listed in table 56. The lifetimes of most of tiie 

P-.-C ire greater than the duration of the life test. The times indicate time of operation of that 

component, exclfding standby and shutdown conditions, except where “operation is continuous, su 
as die wastewater storage assembly and fluids control assembly. 
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Tkble 56. VCD component lifetimes. 




S| 

pfCinoQ mmm 

tnitiai Samples (latch 1) | 

Pmmt* 

(Ml 

Nominal 

Mtxintum 

MMaam 

IMasMC 

Tubes BID 

PH 

Conductivity 
Turbidity 
Iodine, residual 
Iodide 
Total Iodine 
Chromium 
iron 
Nickel 

Molybdenum 

titanium 

TOC 

TIC 

Total carbon 

R2A-7 day 

Total solids 

Color 

Cadmium 

Copper 

Lead 

USftfKftflM* 

MWi^bIObo 

Silver 

Zinc 

Calanhim 

omnium 

pH units 
pmho/cm 
NTU 
ppm 
ppm 
ppm 
mg/L 
mg/L 
mg/L 
mg/L 
mg/t 
mg/L 
mg/L 
mg/L 

CFU/IOOmL 

mg/L 

Color units 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

7 

3.3 

4.10 

6 

11 

0.05 

0.3 

0.05 

1 

1 

2 

15 

0.01 

1 

0.05 

0.05 

0.05 

5 

0.01 

8 

8.2 

2.69 

0.7 

3.31 

2.43 

5.74 

<0.010 

<0.005 

<0.009 

<1 

<1 

<10 

<1 

<0.001 

<0.005 

<0.010 

0.002 

<0.002 

0.002 

<04>10 

7.5 

2.14 

0.8 

9.75 

2.35 

12.1 

<0.005 

<0.006 

0.039 

<0.020 

<0.001 

<1 

<1 

<1 

<1 

<10 

<1 

<0.001 

<0.005 

<0.010 

<0.001 

<0.002 

<0.001 

<0.010 


7.6 

t WEter degradation stud y 0W») began in January 1993 and was completed in 

January 1996. Due to several unexpected results, follow-on testing began in January 1995 and was 
completed in January 22, 1998. 3 


As stated in the report entitled “Interim Report on the Space Station Water Degradation Study 
the First 24 Months of Exposure,” the WDS is a Space Station-supporting development activi, 
designed to demonstrate how H 2 0 quality changes during long-term, stagnant storage in distribution 


The need for the WDS originally stemmed from the 1991 Space Station restructure. The resulting 
design changes called for the H 2 0 lines to be launched wet, and to remain undisturbed until the activa- 
toon of H 2 0 recovery systems, *3 yr later. This scenario raised concerns over whether the biocidal I, 
would break down during extended storage, leaving the distribution lines vulnerable to microbial 
growth, biofouling, and microbial-induced corrosion. Scientists and engineers at MSFC began investi- 

gating the change in H 2 0 quality under long-term storage conditions. As a result, the WDS was 
developed. 
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To assess the change in H 2 0 quality during long-term storage, the WDS 
onstrate the effects of time, tube material, and initial I 2 concentration on H 2 0 quality. Tire WM “dudes 
time as a parameter for two reasons: (1) To provide the intermediate data pomts wrthm tire 3-jrexpraure 
period, and (2) to gain insight into the rate at which H 2 0 quality changes late place. TOre “T* 1 ™ 
abo included as a parameter since the Space Station baseline has, at various times, caUed for both 
riianiiim and SS as the material of construction for the H 2 0 recovery and management sj^tem. At the 
time the WDS test plans were in preparation, the baseline design called for SS, but adMision <o change 

the material to titanium was pending. By varying the material of construction, ^WDSv^ so ugh to 

. on- • tt n _ ..tisn okoniMc ctnmmino from material eitects. in fluoiuoi 



the WDS has varied initial 1 2 concentrations to ueicrmmc — ” . , .... 

I 2 in the distribution lines prior to launch. The WDS was conducted at ambient temperature in building 

4755 north high bay. 

The WDS consists of 34 tubes configured as straight sections, 10 ft in length, with valves at each 
end (fig 79). These tubes are grouped into two batches, designated as batch 1 (initial test ate ) an 
batch 2 (the follow-on test batch). Within each batch, the tubes are grouped into sets according to expo- 
sure time. All tubes are stored vertically in a rack until their exposure time is complete. 



Note: Tubes are installed vertically in the test 

Figure 79. WDS tube configuration. 


Batch 1 : The original batch of tubes used in the WDS contained seven sets of four tubes each. 
Each set of four tubes included two tubes made of SAE AMS 4942C titanium (equivalent » ASTM 
B338 grade 2 tubing) and two tubes made of corrosion-resistant steel (CRES) 3 16L SS. Initial I 2 con- 
centrations are denoted in table 57. 


Table 57. WDS test configuration. 



Bated 1 (Began January 1983) 

CM 

1 

Began Janu 

ary 1995) 

Ikibe Designation 

A 

B 

C 

0 

E 

F 

G 

Tube Material 
Valve Material 

CRES 31 6L 
CRES 31 6L 

CRES 31 6L 
CRES316L 

Titanium 

CRES316L 

Titanium 
CRES 31 6L 

Titanium 

Titanium 

Titanium 

Titanium 

Titanium 

Titanium 

Initial Iodine (12) 
Concentration (ppm) 

4 

10 

4 

10 

4 

10 

0 
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Although the original WDS test requirements called for the titanium tubes to have titanium 
valves, concerns over cost and lead time led the investigators to substitute SS valves. The decision to use 
SS was based on two factors: (1) The prediction of minimal galvanic effects between SS and titanium, 

aid (2) the apparent likelihood that the Space Station WRM system would include both SS and titanium 
components. 


Batch 2: It was observed that dissolved nickel levels in batch 1 woe above Space Station specifi- 
cations to both the SS and the titanium tubes. Investigators concluded that either the SS valve bodies or a 
lubricant in the valves was donating nickel to tte H 2 0. Since all batch 1 test fixtures included these 
vah*s, the decision was made to add all titanium tube configurations to the test using titanium tubes and 
valves, and no nickel containing lubricants. These all-titanium fixtures constitute batch 2, and were 
placed into service in January 1995. 


Batch 2 consists of two tube sets, each of which contains three tubes. These tube sets are desig- 
nated as sets 4 and 7, because the exposure times are identical to sets 4 and 7 in batch 1. The tubes in the 
batch 2 tube sets are designated as tubes E, F, and G. 

The H 2 0 used in the test is 18 Mohm/cm, filtered DI H 2 0, sterilized within the tube at 250 °F 
for 1 hr. Iodination occurred after the H 2 0 returned to ambient temperature, following sterilization. 
Chemical and microbial parameters were analyzed prior to be ginning the test (table 58). 


Table 58. WDS initial H 2 Q quality. 




Specified Waiiss 

Initial Samples (Batch 1) | 

Parameter 

Units 

Hftmlnal 

Maxi mum 

Mfalmm 

Tubes MC 

lUesMD 

PH 

Conductivity 
Turbtdity 
Iodine, residual 
Iodide 
Total Iodine 
Chromium 
iron 
Nickel 

Molybdenum 

Titanium 

TOC 

TIC 

Total carbon 

R2A-7 day 

Total solids 

Color 

Cadmium 

Copper 

Lead 

Manganese 

CtiuAr 

DilwWf 

zmc 

Selenium 

pH units 
tunho/cm 
NTU 
ppm 
ppm 
ppm 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

CFU/IOOmL 

mg/L 

Color units 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

7 

3.3 

4.10 

6 

11 

0.05 

0.3 

0.05 

1 

1 

2 

15 

0.01 

1 

0.05 

0.05 

0.05 

5 

0.01 

8 

8.2 

2.89 

0.7 

3.31 

2.43 

5.74 

<0.010 

<0.005 

<0.009 

<1 

<1 

<10 

<1 

<0.001 

<0.005 

<0.010 

0.002 

<0.002 

0.002 

<0.010 

7.5 
2.14 
0.8 
9.75 
2.35 
12.1 
<0.005 
<0.005 
0.039 
<0.020 
<0.001 
<1 | 

<1 
<1 
<1 
<10 

<1 [ 

<0.001 

<0.005 

<0.010 

<0.001 

<0.002 

<0.001 

<0.010 
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Results from the WDS batch 1 demonstrated that it is possible to store H 2 0 in a SS or titanium 
distribution system for a period of 3 yr, without detectable microbial growth. The WDS has shown that 
the microbial integrity of the H 2 0 can be maintained even after I 2 depletion, if the initial H 2 0 quality is 
high, and the filling process is carefully controlled. Some chemical parameters such as pH, conductivity, 
I 2 , iron, nickel, and TOC were outside the Space Station limits by tests end. Due to the lack of microbial/ 
biofilm growth, however, a flushing of the distribution lines would resolve the problem once the system 
is brought on line. It was also demonstrated that initial I 2 levels of 10 ppm are insufficient to maintain I 2 
levels above a 2-ppm minimum for extended periods. This intensifies the need for aseptic techniques in 
the filling of distribution lines. 

Results from the WDS batch 2 are available for only the 15-mo test set. Ttibes initially containing 
10-ppm I 2 were shown to contain 6.15-ppm I 2 . The tube initially containing 4-ppm I 2 was found to 
contain <0.5-ppm I 2 . No microbial/biofilm growth was observed in either tube, and all chemical param- 
eters other than I 2 , were within Space Station specifications. 

7.7 Biofilm 

As stated in the document entitled ‘Test Plan for the Assessment of Biofilm Accumulation in the 
Water Distribution Lines and Storage Tanks of the International Space Station ,” the objective of the test 
is to provide information for use in assessing the extent of microbial growth and biofilm formation in the 
ISS WRM system distribution lines and storage tanks. The test is being used to identify the areas of 
concern and develop countermeasure plans if necessary. 

The test is composed of two very similar system layouts (fig. 80). One system contains clean 
H 2 0, and simulates the conditions in the postprocessor H 2 0 distribution lines. This is designated as the 
“clean” side (or processed H 2 0) system. The other system is filled with wastewater, and simulates the 
conditions in the H 2 0 distribution lines and storage tanks prior to the WP Unibeds®. This is designated 
as the “dirty” side (or wastewater) system. Both systems are integrated into a single test stand, and are 
stacked in a horizontal plane. Access for the replacement and service parts are provided for in the layout 
of the test stand and the system layout. 

Four titanium and four SS tubes of 0.25-in. outside diameter are arranged in parallel as alternat- 
ing pairs. Each tube is 4-ft long (prior to bending), and bent at four equally spaced intervals. Each end of 
the sample tube assembly contains a SS quick disconnect so the tubes can be removed from the system 
easily. 


The storage tank is 12.75 in. high and has an inner diameter of 15.75 in. The tank is constructed 
of Inconel 718. In the top of the tank, there are 33 tapped holes into which are placed titanium, SS, and 
Inconel coupons (1 1 of each material; e.g., titanium, SS, and Inconel). These are attached to 0.75-in. 
threaded bars. The bars are screwed into the tapped holes so that the attached coupons extend into the 
tank. 
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S) Valve & Row Meter I I Microbial Check Valve (MCV) 


Figure 80. Biofilm life test 

The entire system was chemically cleaned, and steam sterilized prior to test initiation. Steriliza- 
tion was accomplished by passing 195 °F H 2 0 through the system for 4 hr, followed by a cooling to 
100 °F, and an additional 4 Iff at 195 °F. After sterilization, thcH^O was drained from die system by 
purging with argon prior to filling with test H 2 0 (dirty in one circuit and clean in the other). 

The biofilm life test processed H 2 0 (clean side) was initiated in January 1997 and completed 
=12 mo of testing, though not continuous. All major shutdowns are listed below for the processed H 2 0 
loop: 


1. June 13, 1997: Test stopped due to pump failure. Pump was rebuilt by manufacturer. 
New MCV installed and restart occurred July 3. 

2. July 23, 1997: MCV removed and backflushed. Restart occurred the same day. 

3. August 4, 1997: MCV removed and backflushed. Restart occurred August 5. 

4. August 6, 1997: MCV removed and replaced with tube assembly. Restart occurred 
the same day. 

5. August 8, 1997: Test stopped due to inadequate flow at maximum pump capacity. 
System was flushed and restart occurred August 10. 

6. October 28, 1997: Test stopped due to pump failure. Pump head was replaced 
with an extra pump head. Restart occurred the same day. 
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7. January 26, 1998: Pump failed (S/N 332920) with 90 days of operation. Replaced pump 
with spare pump head (S/N 332590). 


8. February 9, 1998: Pump failed after 13 days of operation. 

Throughout the clean side testing, the conductivity, total I 2 , and iodide values gradually 
increased. The pH values averaged 5 pH units with a slow decline as testing progressed. Microbial 
counts were relatively low; Bacillus cepacia and metoylobacterium radiotolerans were isolated during 
testing. Tank coupons and the bent tubes also showed low microbial counts. 

On June 13, 1997, the pump failed, causing the test to shut down. A significant amount of fine, 
black particles was present when the pump was removed from the system and examined. Pump weax and 
the MCV resin were two suspects for the source of the particles. An H 2 0 sample taken dunng this tone 
period showed iron at 23. 1 ppm and nickel at 4.41 ppm. TTk MCV was backflnshedw^Oanda 
substantial amount of “black” particles exited the MCV. After pump repair, a second MCV was installed, 
all H ? 0 in the storage tank was drained, and the test restarted. The first set of two bent s ( 

titanium) was then removed for sampling. When the H 2 0 was eliminated from the bent tubes, black 
particles were again observed. At this time, there was concern that the particles were throughout the 

system. 

On July 29, 1997, a decrease in flow was noted in sample tube No. 8. On August 4, 1997, he 
pump ceased flowing and the MCV was removed on the theory that it was clogged. When the MCV was 
flushed, “black” particles were collected from the inlet and the outlet sides. TWo days later, the system 
flow was restored without the MCV; however, there was still no flow observed through sample tube 

No. 8. 


On August 8, 1997, there was inadequate flow through the system with the pump at maximum 
load and the test was stopped. After assessment of the clean side system test data, the MCV was 
removed from the system and the system was flushed thoroughly with DI H 2 0 to remove most of the 
particles. Hot H,0 (=180 °F) was then flushed through the system using the sterilization cart to attempt 
removal of any particles that adhered to surface areas. Then, hotter H 2 0 (=250 °F) was circulated 
through the system in an attempt to reach sterilization conditions. Sterile DI H 2 0 was placed m the 
storage tank (by pressure) for circulation throughout the system. A microbial sample was taken for 
analysis. After the microbial assay results were received, a combination of ersatz and processed H 2 U 
was pumped into the storage tank and the clean side testing was restarted. Iodine was injected into the 

storage tank instead of using an MCV. 


Pump failures occurred on October 28, 1997; January 28, 1998; and February 9, 1998. The clean 
side of the biofilm life test was terminated February 9, 1998, after 388 days of testing. The decision to 
terminate the test was based on inadequate flow of H 2 0 through the system for the following reasons: 
(1) The pump removed in January had been in operation for 2 mo and was removed from test due to 
inadequate flow. An examination of the pump showed erosion of the protective metal sheath around the 
rare Earth magnet. The particles of sheath, casing, and magnet were released into the tubing of toe test 
apparatus, clogging the quick disconnects throughout the plumbing and disallowing H 2 0 flow. The 
clogging problem was not reversible. (2) The concentration of micro-organisms m toe clean H 2 Q loop 
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was steadily increasing after die removal erf the microbial check valve from the system in October 1997. 
The increase in microbial counts was traced to contamination in the concentrated I 2 solution used to 
m ai n tai n the I 2 concentration in the system. 

The biofilm life test, dirty-side testing began in April 1997 and has operated 569 days as of 
October 31, 1998. The dirty-side system has not experienced any anomalies at this writing. The pH 
values average 6.7 pH units while the conductivity values average 556 /xmhos/cm. The TOC values 
average 222 ppm with a m i n i mum value of 168 ppm and a maximum value of 267 ppm. Microbial 
counts of the H 2 0 average 1.21E+08 CFU/100 mL showing a three-log fluctuation in sample results 
Qtoeminimimi count is 6.30E+05 CFU/100 mL and the maximum count is 6.2E+08 CFU/100 mL). 

The SS coupons had microbial counts averaging 7.551+03 CFU/cm 2 , the titanium coupons averaged 
3.96E+04 CFU/cm 2 , and the Inconel 718 coupons averaged 1.10E+04 CFU/cm 2 . 

7.8 Temperature and Humidity Control Condensing Heat Exchanger Surface 

As stated in the document entitled “Test Plan to Evaluate Microbial Control Measures for the 
Temperature and Humidity Control Subsystem Condensing Heat Exchanger of the International Space 
Station, August 12, 1997,” the microbial growth test will duplicate the conditions on the surface of the 
ISS THC CHX. In particular, the test will monitor the growth of micro-organisms on materials, simulat- 
ing the surface of the 755 THC CHX. The primary objectives erf this study are to evaluate (1) the extent 
of microbial growth which may occur on the CHX using “real” humidity condensate (as opposed to 
ersatz solution) in conjunction with the extent of microbial control with an antimicrobial additive (silver) 
in the hydrophilic coating; (2) the effectiveness, in toms of microbial control, of allowing the CHX to 
dry for a 2-hr period (dryout cycle), every 7 days; (3) die potential for hardware operational degradation 
(corrosion, biofilm accumulation) due to microbial activity, and to recommend for operation and mainte- 
nance of the THC hardware in flight, and (4) the data accumulated as it relates to the WP design effort. 

The microbial growth test (fig. 81) included an insulated chamber, six-coated metal cascades, 
a multichannel peristaltic pump, portable driller, vacuum pump, and a drying fixture (not shown in 
schematic). The microbial growth chamber (MGC) simulated the ISS CHX finstock material and slurper 
bar holes. The hardware was challenged with actual humidity condensate collected in the EEF located in 
building 4755. Feedwater was pumped from the chilled holding tank via the pump manifold. The H 2 0 
was dispensed on each of the six-panel assemblies, which are arranged in a staked or cascaded configu- 
ration (fig. 82). H 2 0 was dispensed on the top panel, and flowed down the cascade, wetting all the 
panels before exiting into the collection flask at the end of the panel series. 
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Figure 82. Cascade test arrangement. 

















The basic test rig used a panel set which includes a pan (2x3 in.) containing a piece of fin stock 
(2x2x0.25 in.) covered by a top plate. All the wetted surfaces were coated with a hydrophilic coating. 
The panel set was designed to represent the hydrophilic-coated air passages through the THC CHX. The 
construction materials were 316L SS. The cascades were coated to support the following test scheme: 

Cascade Nos. 1 and 2: Both cascade panels were treated with a hydrophilic coating, and no 
biocidal silver. For die duration of die test, cascade #1 was operated with a drying cycle (2 hr after the 
hardware becomes dry, every 7 days). No drying cycle was incorporated in the test of cascade No. 2. 
Both panels woe used as reference panels to evaluate the baseline microbial challenge to the test 
hardware. 

C a sc ade Nos. 3 and 4: Both cascade panels were treated with a hydrophilic coating and silver 
biocide. These cascades were operated without a (hying cycle for 361 days. During that time the micro- 
bial control of the antimicrobial coating only (in duplicate) was tested. On test day 362, biweekly dry 
cycles of cascade No. 4 were incorporated in the test to assess the effects of dry cycles on the surface 
of a panel with an established microbial population. 

C a sc a de Nos. 5 and 6: Both cascade panels were treated with a hydrophilic coating and silver 
biocide. These cascades were operated with a drying cycle (2 hr, after the hardware becomes dry, every 
7 days) for 361 test days. During that time microbial control from drying cycles on an antimicrobial 
mating (in duplicate) was assessed. On test day 362, the drying scheme of cascade No. 6 was changed 
from every week to once a month. The drying frequency of cascade No. 6 was increased to evaluate 
its effect on the panels. 

Humidity condensate (feed H 2 0) was stored inside the insulated chamber. A peristaltic pump 
delivered the cooled humidity condensate to the MGC at a flow rate of 0.12 mL/min, and this flow was 
split into six channels, each at 0.02 mL/min. The flow rate of 0.02 mL/min represents the average daily 
condensate formation rate (0.5 lb/hr) for a crew of two working at a moderate rate. H 2 0 samples 
(chemical and microbiological) were collected once per month. Surface samples (microbiological only) 
from panels 1 and 4 were collected twice per month. 

The CHX microbial growth test concluded under nominal conditions, and test was completed the 
last week of September 1998. Microbial surface sample data, collected from panels Nos. 1 and 4 of each 
is shown in figure 83. Preliminary results clearly show effective microbial control with a drying 
cycle alone (cascade No. 1) if compared to cascade No. 2 with no drying cycle. A suppressed microbial 
growth environment was observed in the cascades with a silver coating and no dry cycle. Drying cycles 
and silver coating provided effective continuous control of microbial growth on surfaces. 


170 


The test was extended 3 mo to assess (1) the results of incorporating a drying cycle after micro- 
bial growth was allowed to colonize the surface of the panels, and (2) the effect of increasing the time 
between drying cycles on panels that were dried weekly. Data obtained from the test extension are being 
evaluated and will be presented in the next interim report and also in a final test report 

The extended microbial growth chamber test was initiated after all panels of all cascades were 
sampled for surface heterotrophs. The test continued with no interruption, changeout, sterilization, or 
disinfection of H 2 0, apparatus or assemblies. A 2-hr drying cycle was utilized, as in prior test. Table 59 
summarizes the test extension parameters. 

The data from this test will be used to determine the benefits) of incorporating dry cycles during 
the operation of the ISS THC assembly. 


Table 59. MGC extension summary. 


Cascade 

Hydrophilic 

Coating 

Drying 

Cycle 

Comments 

Rationale 

1 

Without silver biocide 

Each week 

A drying cycle each week 
as in previous test 

This cascade serves as a control. 


Without silver biocide 

No 

No drying cycle as in previous test 

This cascade serves as a control. 


With silver biocide 

No 

Control, no change from prior test scheme 

This cascade serves as a control. 


With silver biocide 

Every 2 wk 

Drying cycle effect on existing population, 
prior test had no drying cycle 

Drying cycle was introduced to determine 
effects of drying on an established biofilm 
population. 

5 

With silver biocide 

Each week 

Control, same drying cycle 
as in previous test 

The scheme was continued as in previous 
test to evaluate extended effects 
of the drying cycle. 

6 

With silver biocide 

Every 4 wk 

Variable dry cycle, prior test had a drying 
cycle each week 

The drying frequency was increased 
from one drying event each week to one 
every 4 wk. Data will be evaluated 
to determine the effect of an extended 
duration between drying cycles. 
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8. TEST SUPPORT 


8.1 Functional ECLSS Data System Database 

The functional ECLSS data system (FEDS) was implemented in 1990, and served ECLSS testing 
through chemical, microbial, and electronic sensor data storage and retrieval. FEDS was established to 
track and vmaUm all sample schedules, analyses from independent labs for chemical and microbial 
parameters, prede termine d parameter specifications to maintain H 2 0 quality, sensor data, and analytical 
control samples. Table 60 shows FEDS statistics. The database provides ECLSS engineers on-line access 
to analyze data and provides formatted reports, graphical, and statistical results. Menu-driven interfaces 
allow the user to retrieve data on line or extract test data to files. A rewrite of the FEDS General User’s 
Manual was distributed in May 19% by ION Corporation. This manual was the first revision since 
ION’s May 1991 distribution. 


Table 60. FEDS statistics. 


Size 

240 MB 

Number of records 

320,000 

Number of tables 

32 


The FEDS operating platform was transferred from Oracle to FoxPro in 1998. In 1997, the 
MSEC Env i ronmental Control and Life Support Branch (ED62) was informed that the MINS2 VAX, 
were F ED S had resided for 8 yr, was to be decommissioned due to operating costs. ED62 sought alter- 
nate platforms and recommended a pentium PC operating FoxPro. Transition from the VAX Oracle 
platform to PC FoxPro was initiated July 30, 1997. Programmers from ED62 and Computer Sciences 
Corporation (CSC) developed FoxPro FEDS and then converted the FEDS data from Oracle to FoxPro 
format Accessibility to the hflNS2 VAX terminated January 1998 with the transfer of FEDS to the PC 
platform. ED62, CSC, and ION continued development of FEDS through September 30, 1998. CSC 
responsibilities expired in September and were transferred to ION. 


FEDS still stores data from all ECLSS testing performed since 1989 at MSFC, and has supported 
all test reports for ECLSS hardware produced since that time. FEDS has served as a powerful analysis 
tool for the ECLSS har dware design engineers. Other specific testing supported is described in table 61. 


8.2 Analytical Laboratory Support 

Analytical laboratory support was essential to perform MSFC’s TTA’s involving development 
taring of Space Station air and H 2 0 systems. Unique capabilities have been enhanced under NASA 
contract NAS8-50000, schedule F, and NAS8-38250 and NAS8-40369. Boeing provided test support 
for life testing, the IART, and stage 10 of the WRT. 
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Figure 83. Microbial counts. 
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Table 61. Testing supported by FEDS from 1996 to 1999. 


Test 

Stage 

Description 

ART 

TCIT 

Trace contaminant injection test— trace contaminant injection test of the THC CHX, the TCCS, 
and the CDRA at the system level. 

LFT 

SPE 

Solid polymer electrolyze— life test of the SPE oxygen generator using archived water from WRT 
stages 9 and 10. 

LFT 

BIO 

Biofilm life test— to assess the extent of microbial growth and biofilm formation in the ISS WRM system 
distribution lines and storage tanks. 

LFT 

MGC 

Microbial growth chamber— assess the extent of microbial growth on the THC CHX. CHX performance assessed. 

LFT 

HCE 

Humidity condensate evaluation— Evaluation of the condition of humidity condensate stored in the refrigerator 
for use in the Biofilm LFT or other tests. 

LFT 

VGP 

VCD purge gas analysis— modify the VCD-VA life test to collect purge gas samples in support 
of a VCD flight experiment. 

WRT 

VFE 

VRA flight experiment— functional test of the VRA flight experiment in conjunction with EMI, vibration, 
and toxicity tests in preparation for shuttle flight. 

WRT 

EGE 

Ethylene glycol evaluation— evaluate the ability of the WP to remove ethylene glycol from wastewater. 
The ethylene glycol level is artificially high for evaluation purposes. 

WRT 

NUT 

No-unibed test of WP— combine urine distillate and humidity condensate only. Process through prefilter, 
IRN-150 bed. VRA, IX bed, PCWQM, and then to the WP product tank. 

WRT 

S10 

Stage 1 0— evaluation of the latest WRM system design for the USOS of the /SS for an extended duration 
in recipient mode. 

WRT 

UWP 

WP with urine in feed— bench test of WP unibeds to determine if the WP can be used to process waste feed 
which includes pretreated urine. 


Analysis and full characterization of H 2 0 and air samples for both organic and inorganic con- 
taminants involves both standard environmental methods (EPA, Standard Methods, etc.). Unique meth- 
ods developed by the Boeing Laboratory specifically for contaminants derived from human metabolic 
processes and equipment off-gassing are established by the MSFC’s Analytical Control Test Plan and 
Microbiological Methods for Water Recovery Testing (ver. 3.2). High volume sampling, from several 
different simultaneous tests, requires analysis for numerous chemical and microbial parameters. Strict 
custody procedures and computerized sample and data management are in place to ensure and preserve 
sample identity, tractability, custody, tracking, and data reporting. 

Boeing Analytical Services supported the IART and stage 10. Altran Materials Corporation 
supports chemical, microbial, scanning electron micrography assessments of the microbial growth 
chamber, and biofilm life tests. Specialized Assays, Inc. supported chemical evaluation of the SPE. The 
EET will utilize Specialized Assays, Inc.; Altran Materials, Corp.; and Wyle Laboratories for chemical 
and microbial analysis of the test’s H 2 0. 

Lab analysis confirmed the acceptability of the facility tank H 2 0 for use by test subjects for 
hygiene purposes. To enhance Space Station waste inputs, the laboratories prepared ersatz to simulate 
animal condensate, equipment off-gassing contaminants, and CHeCS wastewater. 
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